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PREFACE 


ESSSj 


This  report  was  prepared  by  Dr.  Haldor  W.C.  Aamot,  Research 
Mechanical  Engineer,  Construction  Engineering  Research  Branch,  Mr. 

E.F.  Lobacz,  Chief,  Experimental  Engineering  Division,  Mr.  A.F.  Wuori, 
Chief,  and  by  Dr.  Terry  T.  McFadden,  Chief,  Alaskan  Projects  Office. 

Dr.  D.R.  Freitag  is  Technical  Director  and  Col.  R.L.  Crosby  is  Commander 
and  Director  of  the  U.S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory. 

The  work  was  funded  by  the  U.S.  Army  Corps  of  Engineers  under  DA 
Project  ^A762719AT06,  Task  03,  Work  Unit  003:  Utility  Distribution 

Systems  in  Cold  Regions.  The  objective  is  to  develop  new  or  improved 
criteria  for  design  and  construction  of  utility  transport  systems  in 
cold  climates. 

The  warm  welcome  given  by  all  the  people  and  offices  visited  during 
the  trip  and  their  exceptional  cooperation  in  providing  available  infor- 
mation is  gratefully  acknowledged. 

The  citation  of  commercial  products  and  company  names  in  this  report 
is  for  information  only  and  does  not  constitute  endorsement  or  approval. 
Also,  the  citations  are  given  merely  as  examples,  not  as  the  complete 
range  of  available  choices. 
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BACKGROUND 


This  report  presents  information  on  utility  distribution  systems, 
gathered  on  a study  trip  to  Scandinavia  and  Great  Britian.  The  informa- 
tion concerns  new  technology  and  materials  and  cold  weather  related 
problems  and  solutions.  The  distribution  systems  involved  are  water  and 
sewage  lines,  vacuum  sewage  and  pneumatic  solid  waste  collection  pipe  lines, 
heat  distribution  lines  and  electric  transmission  lin^s. 

In  Sweden,  nueh  information  was  obtained  on  plastic  pipes  for  water 
and  sewage  lines  and  frost  penetration  and  protection.  There  are  large 
district  heating  systems  in  operation  and  much  information  was  found  or. 
heat  distribution  pipe  systems  and  long  distance  heat  transmission. 

From  Finland,  information  was  obtained  by  correspondence  on  heat 
distribution  pipe  systems  and  self-supporting  aerial  cables. 

In  Norway,  where  almost  all  electricity  is  produced  in  hydroelectric 
stations,  much  information  was  collected  on  icing  problems  of  electric 
transmission  lines  and  on  self-supporting  aerial  cables  for  distribution. 
Also,  information  on  frost  penetration  and  protection  of  water  lines  was 
obtained . 

In  England,  a wealth  of  information  was  gathered  in  London  where 
the  water  and  sewage  systems  are  among  the  oldest  and  largest  in  the 
world  and  where  lome  materials  and  methods  have  a long  history  of 
success  and  other  new  ones  are  being  introduced.  District  heating 
technology  is  also  highly  developed  but  large  systems  have  not  yet 
evolved.  Pneumatic  solid  waste  collection  systems  are  being  introduced. 
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The  report  provides  information  on  new  techno.logy  which  may  be 
useful  in  the  planning  and  design  of  Corps  of  Engineers  projects,  but 
may  also  be  useful  to  other  agencies. 

The  report  is  organized  by  subject  areas,  starting  with  water  and 
sewage  and  continuing  through  electricity  and  heat.  The  information  ir. 
each  subject  area  includes  that  from  the  various  countries  where  it  was 
obtained. 
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1. 


Water  distribution  lines. 


1.1  Extent  of  research. 

Water  distribution  lines  were  studied  in  Sweden,  England  and  Norway. 
Professor  L.E.  Janson  of  the  Water  Projects  Office  (VBB)  in  Stockholm  was 
interviewed.  He  has  written  many  articles  and  a text  on  the  subject  of 
water  and  sewage  lines  and  is  one  of  the  foremost  authorities  on  this 
subject  in  Scandinavia. 

In  England,  personnel  of  the  Thames  Water  Authority  were  interviewed 
and  gave  considerable  information  on  water  and  sewage  problems  and  on 
techniques  used  in  London  and  throughout  England. 

In  Norway,  personnel  of  the  Norwegian  Building  Research  Institute 
in  Trondheim  and  Oslo  were  contacted  and  interviewed  concerning  Norwegian 
standards  and  frost  protection  techniques.  The  research  was  conducted 
over  a three-week  period  during  the  spring  of  1975- 

1.2  Piping  materials  and  sizes. 

The  use  of  plastic,  particularly  unplasticized  polyvinyl  chloride 
(UPVC)  and  high  density  polyethylene  (HDPE)  is  more  extensive  in  Europe 
than  in  the  United  States.  Many  of  the  codes  have  been  modified  in 
Europe  to  allow  the  use  of  plastic  piping  and  it  is  used  extensively, 
particularly  in  corrosive  soils.  It  has  found  much  favor  in  its  ability 
to  carry  the  needed  loads,  its  ease  of  installation,  and  its  ability  to 
resist  corrosive  conditions  in  the  soil. 


3 


During  the  ten-year  period  from  i960  to  1970  the  consumption  of 
polyvinyl  chloride  in  the  Nordic  countries  has  increased  from  about 
30,000  tons  in  i960  to  150,000  tons  in  1970  (Janson,  197*0.  Recommended 
lifetime  for  plastic  water  piping  has  been  set  at  fifty  years. 

Two  particular  disadvantages  have  been  noted  with  the  use  of  plastic 
pipe.  They  are  (l)  the  inability  to  thaw  the  pipe  with  low  voltage  high 
current  techniques  as  is  possible  with  metal  pipes  and  (2)  the  inability 
to  detect  leaks  with  the  use  of  audio  listening  devices.  Plastic  pipes 
can,  however,  be  thawed  by  the  use  of  external  thaw  tapes,  a technique 
commonly  used  in  this  country  as  well  as  Europe.  This  partially  over- 
comes the  first  disadvantage. 

Several  other  advantages  to  plastic  pipe  are  listed  by  Janson 
(197*0  • They  include  the  fact  that  the  inner  surface  of  the  pipe  is 
very  smooth,  resulting  in  lower  frictional  loss  and  thus  higher  flows 
for  a given  diameter  than  with  rougher  metallic  pipes  (particularly  when 
compared  to  cast  iron).  Plastic  pipes  are  flexible  and  can  deform  with 
stresses  to  some  degree,  thus  eliminating  some  breakage  that  might  occur 
in  rigid  pipes,  such  as  concrete,  ceramics,  or  cast  iron.  Plastic  pipes 
are  light,  therefore  lowering  the  transportation  costs  to  the  site.  The 
ease  of  installing  the  lighter  pipes  also  reduces  labor  costs.  In 
addition  the  low  thermal  conductivity  of  plastics  means  lower  heat 
losses.  Therefore,  the  risk  of  freezing  is  somewhat  less. 

Negative  factors  concerning  plastic  pipe  include  the  fact  that 
plastics  react  differently  to  stresses  than  do  metals.  Therefore,  not 


only  must  the  stress  hut  also  time  and  temperature  factors  he  considered 
in  the  design  of  plastic  piping  systems.  In  addition,  plastic  pipes 
require  a more  carex’ully  controlled  backfill  material  to  assure  that  no 
heavy  or  sharp  materials  damage  the  pipe  when  the  trenches  are  backfilled. 
Finally,  the  quality  control  by  manufacturers  of  plastic  pipe  is  some- 
times lacking  and  different  manufacturers  can  produce  pipes  of  different 
qualities. 

Solvent  cementing  to  join  polyvinyl  chloride  is  the  subject  of 
considerable  controversy  in  Europe  at  this  time,  with  the  French  and  the 
English  objecting  to  its  use,  while  the  Nordic  countries  do  not  appear 
to  be  as  concerned.  The  prime  objection  to  solvent  welding  appears  to 
be  age  embrittlement  of  the  solvent  welded  joint.  Enough  data  on  long 
term  use  of  the  pipe  is  not  available  to  completely  resolve  the  question. 
However,  the  English,  particularly  in  London,  have  completely  banned  the 
use  of  solvent  welding  for  connecting  PV C pipe. 

Prestressed  concrete  pipe  is  also  used  rather  extensively.  One 
particular  application  of  its  use  :s  rather  interesting.  A technique 
that  is  beginning  to  find  applications  in  this  country  involves  the 
tunneling  beneath  roads  without  disrupting  the  roadway.  When  laying  the 
waterlines,  trenches  are  excavated  up  to  a road  and  on  the  other  side 
away  from  the  road.  Then  a hydraulic  ram  is  brought  in  which  literally 
pushes  a prestressed  concrete  pipe  through  the  roadbed  without  disrupting 
the  road.  This  of  course  is  only  possible  in  areas  where  the  roadbed  is 
not  gravel.  However,  it  has  proven  very  acceptable  as  a means  of  avoiding 


disruption  of  traffic  when  waterlines  must  be  laid  across  a roadway.  In 
London,  ductile  iron  has  almost  completely  replaced  cast  iron.  However, 
the  English  are  quick  to  admit  that  many  of  the  old  cast  iron  pipes  have 
been  in  service  150  years  and  have  an  expected  life  of  at  least  150  years 
more.  Some  concern  is  expressed  that  the  use  of  shorter  lifetime  materials 
unnecessarily  penalizes  future  generations  who  will  have  to  replace 
these  pipes  at  much  higher  labor  and  material  cost.  The  additional  cost 
of  materials  and  labor  at  this  time  would  be  very  small  compared  to  the 
replacement  cost  in  say  50  years. 

In  London,  plastic  linings  are  used  to  rehabilitate  old  lines  which 
have  started  to  fail.  The  technique  used  here  is  to  draw  the  plastic 
lining,  whose  outside  diameter  is  slightly  less  than  the  inside  diameter 
of  the  old  cast  iron  pipe,  through  the  length  of  cast  iron  pipe  that  is 
to  be  rehabilitated.  The  cast  iron  pipe  then  acts  as  the  tunnel  and 
exterior  support,  but  is  no  longer  required  to  be  watertight.  The  wall 
of  the  plastic  liner  is  much  smoother  on  the  inside  than  the  old  cast 
iron  pipe  and  it  is  found  that  even  though  its  diameter  is  smaller, 
since  its  frictional  head  losses  are  less,  nearly  equivalent  flows  can 
be  expected  through  the  newly  lined  pipe.  In  addition,  all  leaks  and 
losses  are  eliminated  with  this  technique  and  installation  costs  are 
only  a fraction  of  those  for  new  lines. 

In  London,  Q0%  of  the  water  load  is  carried  in  100  to  200  mm  ( U to 
8 inch)  pipes.  The  water  supply  load  for  the  city  of  London  is  1+20 
million  Imperial  gallons  per  day  (1.9  x 10  nr  day-x)  on  the  average. 
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with  peaks  as  high  as  510  million  Imperial  gallons  per  day  (2.3  x 10  nr 
day-'*') . These  are  all  supplied  by  the  Thames  Water  Authority  which  is 
a new  organization  that  has  combined  a number  of  other  water  and  sewage 
groups  to  one  municipal  authority.  London  has  approximately  10,000 
miles  (16,090  km)  of  distribution  lines,  the  largest  diameter  of  which 
is  60  inches  (l52*i  mm)  and  this  is  steel.  Slightly  less  than  50$  of 
the  new  installations  in  London  are  classified  as  polyvinyl  chloride. 
However,  Holland  appears  to  be  using  100$  UPVC  in  their  new  installations. 
1.3  Depth  of  burial. 

Since  permafrost  is  only  found  in  the  very  extreme  northern  parts 
of  Scandinavia,  no  solutions  to  the  problems  faced  in  Alaska  or  Northern 
Canada  can  be  expected.  However,  much  of  the  experience  and  solutions 
to  depth  of  burial  problems  found  in  Scandinavia  would  be  applicable  to 
northern  parts  of  the  continental  United  States.  Considerable  research 


has  gone  into  the  optimum  depth  of  burial  taking  into  consideration  the 


construction  costs  involved  in  burial  depth  as  well  as  the  risk  of 
freezing  when  lines  are  placed  closer  to  the  surface  (Gunderson  1975  and 
Janson  197**).  It  has  been  found  by  L.E.  Janson  (197*0  that  considerable 
savings  can  be  made  in  many  soil  types  by  considering  the  thermal  regime 
which  inhibits  freezing  around  the  pipe.  Under  these  considerations,  it 
is  found  that  pipes  can  be  buried  considerably  shallower  than  the  con- 
ventional depth  (which  is  below  frost  level  commonly  found  in  the  area). 
In  one  test  installation,  at  Nattavara,  Sweden,  savings  of  approximately 
26$  in  snow  cleared  ground  and  30$  on  snow  covered  ground  were  found 
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when  compared  to  conventional  construction  specifications.  In  rocky 
ground,  savings  as  high  as  b8%  of  the  trenching  costs  were  found  when 
compared  to  the  more  expensive  conventional  depth  specifications. 

Gundersen  has  done  a great  deal  of  work  in  determining  the  optimum 
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"burial  depth  for  pipes.  His  paper  entitled,  Frostproofing  of  Pipes , 


contains  many  diagrams  and  nomograms  for  different  soil  types  and 
weather  conditions.  Figures  1.1,  1.2,  1.3  and  l.U  are  abstracts  from 
this  paper.  The  paper  is  in  Norwegian;  however,  a CRREL  translation  is 
available  (USACRREL  TL  H97 ) • An  earlier  paper  on  Frost  Insulation 
of  Pipe  Trenches  is  also  available  (USACRREL  TL  217). 

Burial  of  utilities  in  the  older  cities,  such  as  Stockholm,  which 
have  existed  for  several  hundred  years  presents  a considerably  different 
problem.  The  location  of  many  utilities  installed  in  years  past  is 
unknown.  In  addition,  the  compact,  densely  crowded  conditions  in  the 
city  make  it  very  expensive  and  difficult  to  install  by  conventional 
means,  that  is,  by  trenching  down  the  middle  of  the  street.  Swedish 
engineers  have  developed  the  art  of  rock  tunneling  to  a high  degree  and 
it  is  considerably  less  expensive  to  tunnel  100  feet  (30.5  m)  below  the 
city  in  the  solid  rock  on  which  Stockholm  rests.  Tunnels  4 m (13.1  ft) 
in  diameter  are  constructed  through  the  area  which  is  to  be  served  by 
the  utility.  Vertical  risers  are  then  installed  for  each  block  so  that 
all  utilities,  water,  electric  and  sewage,  can  be  taken  to  that  partic- 
ular block.  Utilities  are  then  distributed  on  the  surface  throughout 
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Heating  of  utility  lines  is  considered  in  the  overall  economic 
analysis  of  the  system  and  is  used  extensively  in  Europe  as  well  as  this 
country.  No  new  technology  in  the  method  of  heating  was  found.  However 
the  reduction  of  burial  depth  due  to  the  heat  provided  by  the  heating 
tape  was  considered  in  the  overall  design  of  the  system  and  considerable 
savings  in  trenching  costs  were  found  to  be  possible  by  this  means  (Fig. 
1.5).  Heating  is  also  considered  standard  in  lines  that  have  standing 
water  and  where  freezing  may  be  a problem  due  to  insufficient  burial 
depth  of  that  particular  portion  of  the  line.  This  can  be  a problem  in 
systems  where  the  normal  main  is  flowing  adequately  to  prevent  freezing, 
but  some  service  lines,  particularly  ones  to  fire  hydrants  that  are 
seldom  used,  may  not  be  buried  deep  enough.  In  these  cases,  heat  tapes 


were  commonly  used. 
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Schematic  representation  of  frost  limits  under  various 
conditions.  Key: 
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Multiplication  factors  for  determination  of  frost  depths 
in  various  materials.  Maximum  frost  depths  for  sandy 
gravel  without  snow  cover  have  been  determined  from 
the  frost  depth  map  of  Norway.  Key: 

a.  Material  designation 

b.  Dry  Weight 

c.  Thermal  conductivity  (W/mK) 

d.  Frozen 

e.  Unfrozen 

f.  Weight  of  moisture  content 

g.  Correction  factor 

h.  1.  Rock  (rock  fill,  rocky  gravel) 

2.  Sand  and  gravel  (sandy  gravel,  rocky  moraine) 

3.  Silts  (quick  sand)  (powdery  moraine,  sandy  heath) 
k.  Clay  and  mixed  soil  (moraine  containing  clay) 

5 . Peat 

After  Gundersen  (1976) 
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2 . Sewage  transport  systems. 


2.1  Scope  of  work. 


During  the  study  trip  two  groups  who  are  responsible  for  sewage 
transport  systems  were  interviewed.  These  groups  were  the  Thames  Water 
Authority  which  has  the  respor  • j.-'-y  for  sewage  distribution  lines 


from  the  greater  London  ar<v  .u- 


Electrolux  Corporation  of  Stock- 


holm which  manufactures  vacuum  . wage  systems.  In  addition  to  these  two 
groups,  Professor  L.E.  Janson  c‘  the  Water  Projects  Office  (VBB)  in 
Stockholm,  was  also  consulted  ; ning  sewage  lines  in  Sweden. 

2 . 2 Pipe  materials  and  techniques. 

Many  of  the  things  ■‘.'.at  pertain  to  waterlines  and  were  discussed  in 
Part  1 apply  equally  to  Part  2.  Plastic,  unplastieized  polyvinyl 
chloride  (UPVC)  and  high  density  polyethylene  (HDPE)  are  finding  a very 
large  market  in  sewage  collection  lines  as  well  as  In  water  lines. 

Recent  research  in  Finland  and  some  of  the  other  Scandinavian 
countries  has  pointed  out  the  importance  of  quality  control  particularly 
pertaining  to  the  j - materials  used  in  plastic  lines.  Another  area  of 
concern  is  manufactured  fittings.  It  was  found  that  the  long  term 
behavior  of  pipe  lines  is  very  dependent  on  the  specifications  of  raw 
material  for  both  pipes  ar.d  fittings  (L.E.  Janson  and  T.  Valinaa, 

197*0-  When  plastic  lines  are  used  rubber  0-rings  with  slip  collars  are 
the  standard  connection  in  Cveden  and  in  England  (Fig.  2.1).  However 
with  high  density  polyethylene  (HDPE)  butt  welded  connections  are 


frequently  used.  This  type  of  connection  is  made  by  heating  the  ends  of 
the  two  pipes  to  slightly  under  the  melting  point  and  then  forcing  the 
two  ends  together  under  pressure.  Conditions,  both  temperature  and 
pressure,  must  be  carefully  controlled,  however,  properly  welded  joints 
have  90 % to  100$  of  the  original  pipe  strength  (Fig.  2.2). 

As  in  water  systems  mentioned  above,  cast  iron  lines  are  largely 
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being  replaced  with  ductile  iron.  Ductile  iron  is  very  competitive  in 
price  *o  cast  iron  at  this  t ;„me.  This  is  due  to  a recent  change  which 


allows  thinner  wall  ductile  iron  pipes  to  be  used  in  man>  applications. 
However,  there  is  concern  that  although  the  ductile  iron  is  competitive 
on  an  initial  cost  basis  with  the  cast  iron,  the  long  term  cost  will  be 
higher  for  ductile  since  it  has  an  estimated  life  of  approximately  50 
years  compared  to  gray  cast  iron's  estimated  life  of  300  years. 

Rigid  joints  are  no  longer  allowed  and  all  joints  must  be  connected 
with  flexible  materials,  such  as  the  rubber  0-ring  and  slip  collars  used 
on  plastic.  Wall  thickneasei  .or  pipe  are  established  according  to 
diameter  of  the  pipe.  The  rule-of-thumb  formula  which  is  used  to  ----- 
tablish  the  wall  thickness  for  PVC  pipe  is:  0.5$  of  the  diameter  times 


the  pressure  is  equal  to  the  wall  thickness. 

t = C.005  d p 


t = wall  thickness  (same  units  as  dia. ) 
d = inside  diameter  (sam«  units  as  thickness) 
p = pressure  (kg-cm-2) 


For  polyethylene  pipe  the  formula  is: 

t = 0.01  dp 

However,  due  to  manufacturing  limitations  the  limit  to  wall  thick- 
ness becomes  60  mm,  therefore  large  diameter  pipes  must  be  limited  in 
the  pressure  that  they  can  carry.  In  Norway  pressure  sewer  lines  of 
1000  mm  diameter  are  now  being  manufactured  in  short  and  long  lengths. 

A mobile  tube  extruding  machine  can  produce  continuous  pipes  up  to  U00 
mm  O.D.  at  the  site. 

In  England,  brick  is  still  used  and  preferred  by  many  to  other 
types  of  piping  for  very  large  lines.  The  largest  sewer  line  in  London 
is  15  ft  6 in.  ( U . T m)  in  diameter.  Brick  lines  have  many  advantages. 


They  provide  better  footing  .'or  personnel  working  inside,  are  easier  to 
repair  and  last  a long  time. 

Tunneling  is  used  extensively  both  in  Sweden  and  England.  In 
London,  which  is  situated  primarily  on  a 1 rterial  known  as  London  blue 


clay,  tunneling  is  done  using  a large  circular  cutter  which  bores  its 
way  through  the  clay  allowing  workmen  to  shovel  out  the  muck  displaced 
by  the  cutter.  The  tunnels  are  lined  with  concrete  arch  pieces  which 
are  fitted  together  and  forced  into  intimate  contact  with  the  tunnel 
using  a wedge  member  between  the  top  pieces  of  the  tunnel  (Fig.  2.3). 

The  boring  machine  uses  the  concrete  tunnel  lining  for  its  footing  and 
forces  its  way  into  the  material  from  this  footing.  Then  when  the 
cutting  range  is  used,  a new  ring  of  concrete  lining  arches  is  installed. 
The  cutting  machine  now  has  a new  footing  upon  ■which  to  once  again  forge 
ahead . 
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Minitunneling  has  "become  very  popular  for  smaller  mainlines  1000 
mm  to  1300  mm  diameter.  Until  the  advent  of  minitunneling  these  small 
diameter,  smooth  "bore  tunnels  were  not  available.  It  is  often  possible 
to  construct  pipeline  minitunnels  at  depths  of  3 m or  less  without  the 
disruption  of  tunneling.  A single  operator  works  at  the  face  of  the 
tunnel  mucking  out  the  spoil  from  a cut  and  a small  "mole"  is  used 
to  carry  it  away.  Figure  2.U  shows  the  minitunnel  system  during  con- 
struction. Figure  2.5  shows  various  uses  for  installed  minitunnels  as 
electrical  utilidors;  pipe  utilidors  etc.  More  information  can  be 
obtained  from  Minitunnels  International  Ltd.,  Westminster  House,  Old 
Woking,  Surrey,  England. 

Swedish  engineers,  particularly  in  Stockholm,  find  that  tunneling 
in  rock,  a technique  at  which  they  have  become  specialists,  provides 
excellent  utilidors  beneath  the  city.  This  was  covered  in  Part  1 on 
Water  Distribution  Lines. 

2.3  Dual  systems. 

Most  of  the  larger  new  systems  in  Europe  use  a dual  system  classifi- 
cation for  sewage  treatment  lines.  According  to  classification  this 
wastewater  is  either  foul  water  or  storm  water.  Some  controversy  has 
developed  over  this  practice.  Some  argue  that  the  untreated  storm  sewer 
water  has  much  higher  pollution  potential  than  the  treated  regular  sewage 
effluent.  Therefore,  they  contend,  this  water  should  be  treated  to  the 
same  standards  as  regular  sewage.  The  opposition  points  out  that  this 
would  require  the  treatment  of  huge  volumes  of  water  and  periodic 


inundation  of  the  treatment  facilities.  In  addition  they  continue  that 
after  the  initial  flov  from  a storm  has  rinsed  the  streets,  succeeding 
flow  contains  little  contamination. 

London  deals  with  this  controversy  in  a unique  manner.  Storm  water 
is  channeled  into  storm  sewers  which  initially  drain  to  the  treatment 
plants,  hut  during  storms  (after  the  initial  flow  has  rinsed  the  streets) 
divert  to  run  directly  into  the  Thames  River  without  treatment.  Foul 
water,  however,  which  is  composed  of  raw  sewage  and  industrial  wastes, 
is  taken  hy  separate  lines  to  the  treatment  facilities  where  it  is 
treated  before  being  dumped  into  the  Thames. 

Another  variation  of  this  dual  systems  technique  is  used  by  the 
Electrolux  people  in  Sweden.  They  divide  their  wastewater  into  gray 
water  and  black  water.  The  gray  water,  which  consists  of  wash  water  and 
bathing  water,  is  routed  from  the  gray  water  lines  into  the  toilets 
where  it  is  reused  to  become  black  water.  This  is  then  routed  to  sewage 
treatment  plants.  The  primary  purpose  for  this  does  not  stem  from  a 
lack  of  water  supply,  but  is  merely  to  provide  a means  of  concentrating 
the  sewage  so  that  minimum  volumes  need  to  be  treated. 

2. U Vacuum  sewage  handling  systems . 

The  Electrolux  Corporation  in  Stockholm,  Sweden,  manufactures  com- 
ponents to  be  used  in  vacuum  sewage  treatment  systems.  The  vacuum 
sewage  system  has  many  advantages,  among  the  largest  of  which  is  the 
fact  that  no  trenching  or  grading  of  lines  is  needed.  Since  trenching 
composes  80%  of  the  total  installation  costs  of  the  distribution  line, 
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the  elimination  of  the  requirement  is  a large  economic  advantage.  The 
system  works  on  the  technique  that  sewage  is  drawn  into  the  lines  which 
are  maintained  under  a constant  vacuum.  Periodically  in  the  line  a low 
spot  is  established  where  the  liquid  can  accumulate  into  a "slug." 

Then,  whenever  a port  on  the  system  is  opened  flow  is  such  that  the 
slugs  move  from  one  low  point  to  the  next  until  they  arrive  at  the 
collection  point.  This  is  usually  a large  tank  or  the  treatment  facility. 
Using  this  method,  lines  may  go  uphill  or  downhill,  following  the  contours 
of  the  ground.  In  the  case  of  marine  installations,  lines  may  be  routed 
between  decks  without  concern  that  the  lines  be  graded  for  gravity  flow. 
The  components  are  mostly  manufactured  of  plastics  and  parts  are  designed 
for  a lifetime  of  25  ye^ars. 

Electrolux  has  25,000  vacuum  toilets  on  the  market  at  the  present 
time.  able  2.1  shows  present  installations  in' Denmark;  10,000  of  these 
are  on  shipboard,  the  other  15,000  in  various  vacuum  systems  in  small 
communities  around  the  world,  one  of  which  is  Norvik,  Alaska,  which  has 
been  reported  upon  in  another  CRREL  publication  (McFadden,  in  pub.). 

The  big  advantage  to  the  vacuum  system  for  northern  aspects  is  that 
the  lines  may  be  laid  on  the  surface  of  the  ground  in  small  insulated 
and  heated  utilidors.  In  permafrost  areas,  such  as  those  in  Alaska  and 
northern  Canada,  elimination  of  the  requirement  for  trenching  becomes  a 
significant  advantage.  Some  of  the  installations  in  Sweden  are  in 
villages  of  3,000-h,000  persons.  One  large  system  in  Germany  has  1,000 
houses  on  a single  system. 
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Average  transport  velocities  in  the  lines  are  5-6  m sec-  (16.4-19.7 
ft  sec  ■*")  with  as  high  as  50  m sec-^  (l64  ft  sec-^)  occurring  during 
momentary  peaks - The  transport  pockets  (the  low  areas  where  the  liquid 
is  allowed  to  accumulate)  are  spaced  150  ft  (50  m)  apart,  and  consist  of  ' 
two  45°  elbows.  The  purpose  of  these  pockets  is  to  allow  the  vacuum 
plug  to  re-form  after  each  flush.  These  areas  contain  liquid  projected 
at  all  times  and  cannot  be  allowed  to  freeze,  therefore  they  must  be 
protected  within  a heated  utilidor. 

Some  severe  climates  have  caused  premature  failure  of  rubber 
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components.  In  Australia  it  was  found  that  the  abrasiveness  of  the  sand 


which  is  carried  in  the  air  at  this  particular  installation  lowered  the 
lifetime  of  the  rubber  seals  from  5 years  to  2 years.  Extreme  cold  may 
cause  similar  problems. 

In  addition  to  vacuum  collection  of  sewage,  Electrolux  is  working 
on  vacuum  collection  of  solid  wastes;  this  will  be  reported  on  in  the 
next  section. 

2. 5 Inspection  systems. 

Inspection  systems  in  England  make  extensive  use  of  the  remote  T.V. 
cameras  that  have  been  developed  by  peoj^le  such  as  Rees  Instruments 
Limited.  These  cameras  are  small  diameter  (17-3  mm),  lightweight,  and 
rugged  so  they  can  be  fished  through  large  or  small  lines  to  inspect  for 
leaks,  damage,  or  obstructions.  Figures  2.6  and  2.7  show  two  typical 
cameras  sold  by  the  above  manufacturers.  As  an  alternative  to  the  pur- 
chase of  these  cameras,  service  companies  offer  television  inspection 
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and  testing  service.  Figure  2.8  from  literature  by  SEER  TV  Surveys 
Ltd. , Westminster  House,  Old  Wcking,  Surrey,  UK,  shows  a television 
picture  of  a brick  sewer  tunnel. 

2.6  Miscellaneous  information. 

It  was  clearly  evident  that  in  Scandinavia  and  the  United  Kingdom 
many  of  the  concepts  which  we  have  only  been  discussing  in  the  United 
States  are  already  being  implemented.  The  black  water/gray  water  concept 
is  an  example.  This  idea  has  been  discussed  in  the  U.S.;  however, 
little  real  attempt  has  been  made  to  use  it.  In  England,  however,  we 
found  it  in  acti-'t  use  in  a number  of  small  projects.  Another  concept 
is  the  use  of  one  trench  as  a utilidor  for  multi-purpose  pipes  (Fig.  2.9). 
Heating,  sewage  and  water  pipes  are  all  placed  in  the  same  trench  at 
various  depths  to  preserve  the  integrity  of  the  lines  should  a break 


occur.  The  heat  evolving  from  the  sewage  or  the  heating  line  makes  it 
possible  fox'  a shallower  and  thus  much  more  economical  burial  depth  to 
be  used.  Underground  utilidor s as  built  in  Alaska  have  been  found  to  be 
inordinately  expensive,  but  minitunneling  offers  a potentially  economical 
alternative . 
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7. 7mm  f2.  5 seven 
element  fixed  aperture 
lens*with  manuaLfocus 


The  Rees  20  camera  was  originally 
developed  to  facilitate  the  internal 
inspection  of  small  condenser  tubes 
hi  nuclear  power  stations.  Its 
small  size  and:impressive  picture 
quality  have  since  enabled  engineers 
to  inspect  other  small  cavities,  . 
ducts  and  piping,  previously 
inaccessible  to  cctv  cameras. 


SPECIFICATION 

Performance  (utilising  vidicon 
tube  type  D/2003) 


Resolution:  Horizontal  centre 

400  tv  lines  using  standard 
>7. 7 mm  lens 


'•13mm  (0. 5 in)  diameter 
electrostatic  vidicon  tube, 
type  D/2003 


Scanning  625  lines.  50  field/s 
Rate:  • -crystal  interlace  oh 

50  Hz  supply 

Power  110/240  volts  501Iz  15VA 

Supply:  or  DC  Supply. 


Stainless  steel  (EN  58-B) 
casing  I 


Sensitivity:  Scene  illumination  of 
only  35  lux  at  source 
gives  a usable  picture. 
Auto  light  compen- 
sation - 4000:1 


Weight: . 124. 9g  (4.  70oz) 


Linearity/  Point  deviation  from 
Distortion:  true  position  is  within 
3%  of  picture  height. 


7.0mm  (0. 27in)  diameter 
P VC  covered  multicore 
cable 


Operating  Environment 

Temperature:  -10°C  to  +50°C 
(14°F  to  122°F) 


Fig.  2.6:  Typical  T.v.  inspection  camera 
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Rees  GO  (Gil  tor)  corios 
Rees  80  ectv  camera 
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Length 


Weight 


Materials  : Camera  body,  view  Ik-, ads  and  mlde 
connectors  are  all  roe.M  meterl  of 
SN— 58H  ( 32  ))U;iink‘ss  steel 
Optics  : (i.5mm  f2.5  five-ek  .r,t  r.t  fixed 

aperture  coatetlh-ns 

Anglaof  view  : 52''  diagonal  in  DitY  environment 
Depth  of  focus : Jem  to  infinity 
Performance  (utilising  vidicon  tube  type  9738/2. 
13mm  (O.oin  diameter) 

Resolution  : Horizontal  centre  803  t v lines  using 
standard  G.5mnvlens 
(Marconi  resolution  chart  No-J) 
Scanning  rate  : G25  lines,  50  fie!:l/s  random 
interlace  on:5P  1 h suppiy 
525  lines,  GO  fieid_/s-rai«dom 
interlace  on  GO  11:-.  supply 
Sensitivity  : 10:  J signal  to  noise  ratio  picture 
obtained  using  fi.omm  le:>-  aU«  a 
a scene  illumination  of  :-.5b  L.x  at 
. source.  Scene  illumir.al  ion  of  only 

50  lux  at  source  gives  a usabh 
picture. 

Auto  light  compensation  — -t  090  l 
Lineality/  : Point  deviation  fronm rue  position 
Distort  ion  is  within  ,To  of  pictute  height. 


't'l.Tnnin  (l.75in) 

3!)3,Ginm  (15  5m)  inclinbngf-O/OI 
view  head  audeahk-  gland 
52<LGtnm  (20,G5in)  iii'  ltiilitig- -fti/lff. 
view  head  and  cable  gland 
50‘J:8nun  (Hl.KHin)  itseludfug  80/03 
view  head  and  cable  j.laiul 
l.OKg  (2.2lbs)ineliidi:ii;30/'jl 
view  head  and  cable  connector 


Optics 

Anglaof  view 


Resolution 


Scanning  rate 


Sensitivity 


Lincatity/ 
Distort  ion 


Operating  Environment 

Temperature  : — 10’Clo+55’C 
Underwnterdepth  : 1 36  metres-  (-150ft.) 
ynderwaler  pressure  ; l;519:MN‘in-‘U5  almor-, merest 
Hnc,;  Mion  : 10’  R gamma  total  absorbed  dose. 


Rees  Instruments  Ltd.  Westminster  House, 
Old  Woking.  Surrey.  G U22  OLE.  UK. 
Telephone:  018G2-GK1 17  Telex;  859070 
Cables;  Rees  Woking. 

A Rocs  C5niu|!  Company 
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3.  Solid  waste  collection  system. 

Solid  waste  collection  in  Europe  is  done  in  much  the  same  manner  as 
it  is  in  this  country.  More  and  more  use  is  made  of  this  waste  as  a 
fuel  for  energy  generation.  One  large  heating  plant  in  Malmoe,  Sweden-, 
is  entirely  fueled  by  solid  waste. 

Discussions  were  with  personnel  of  the  heating  plant  of  the  Lisson 
Green  Development  in  London  which  has  a pneumatic  refuse  collection  system 
with  incineration  boiler. 

This  solid  waste  collection  system  is  in  the  Maryiebohe  district  or 
London.  While  the  system  is  not  unique  in  Europe  (there  are  also  appli- 
cations in  the  U.S. ) it  did  represent  the  state-of-the-art  and  was  in 
operation  and  fully  functional.  (Most  of  the  U.S.  systems  are  still  in 
the  installation  stage.,) 

The  system  consists  of  a 20-inch  pneumatic  tube  which  connects  the 
1500-apartment  complex  to  the  collection  facility  (Fig.  3.1).  The 
apartment  buildings  'have  collection  bins  in  which  residents  can  deposit 
their  solid  wastes.  Bins  are  periodically  opened  to  the  vacuum  line 
allowing  the  wastes  to  be  transported  to  the  collection  center  where 
they  are  segregated  and  the  combustible  portions  are  used  to  fire  a hot 
water  boiler.  It  supplements  3 oil  fired  boilers  (Fig.  3.2).  The  heat 
generated  by  the  'boilers  is  used  for  heating  the  apartment  complexes. 

The  system  has  several  advantages.  'Since  it  is  completely  closed, 
all  vermin  and  rodents  are  eliminated.  Odors  are  kept  to  a minimum. 
Segregation  of  the  burnables  and  hon-burnables  is  largely  done  with  the 
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use  of  a cyclone  separator  which  effectively  sorts  light  from  heavy 


materials.  Bight  materials  are  predominantly  "burnable  trash  whereas  the 


heavy  materials  with  little  additional  handling  are  sent  to.  the  local 


sanitary  landfill.  The  personnel  maintaining  and  operating  the  system 


have  reported  very  little  difficulty. 


Air  velocities  in  the  tubes  during  the  collection  phase  are  in  the 


neighborhood  of  60  mph  (27  m secy  and  no  problems  have  been  encounter  d 


thus  far  with  plugging  of  the  large  main  tube.  Noise  is  considered  some- 


what of  a- disadvantage;  however,  watching  a sample  cycle  we  found  the  noise 


to  be  little  more  than  would  be  normally  encountered  from  a team  of  gar- 


bage men  working  through  the  neighborhood  collecting  the  garbage. 


The  overall  system  was  ;most  impressive.  A convenient  disposal  chute 


was  located  within  a few  steps  of  virtually  every  apartment  in  the  complex. 


Collection  was  controlled  from  the  central  facility  and  collection  cycles 


are  timed  to  be  in  periods  when  noise  levels  encountered  during  collection 


are  acceptable..  Interlocks  prevent  the  doors  on  the  individual  depository 


chute  from  opening  during  the  collection  phase  so  that  there  is  no  pos- 


sibility of  unwanted  material  being  sucked  into  the  collection  chute. 


The  system  is  manufactured  by  a Swedish  firm  and  is  now  being  marketed 


in  the  U.S. 


One  disadvantage  is  that  the  collection  system  and  incinerator 


plant  must  necessarily  be  in  the  immediate  vicinity  of  the  apartment 


complex  since  long  distance  transportation  of  the  solid  waste  is  not 
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feasible.  The  esthetics  of  the  large  diameter  pipe  might  also  be  cons 
sidered  objectionable  by  some,  as  might  the  boiler  stacks.  However,  in 
this  particular  installation  we  found  the  system  to  be  wel_  designed  and 
esthetically  far  from  displeasing  (see  Fig.  3 The  stacks  emitted  no 
objectionable  smoke  while  we  were  in  the  vicinity:.  Since  the  incinerator 
is  part  of  a boiler  plant,  this  disadvantage  was  turned  to  ah  advantage. 
The  heat  from  the  incineration  boiler  supplements  the  oil-burning  boilers 
(Fig.  3.2)  for  district  heating. 


4.  Electric  transmission  and  distribution. 

The  principal  subjects  discussed  with  personnel  of  the  Sydkraft 
Electricity  Authority  in  Sweden  and  the  Norwegian  Research  Institute  of 
Electricity  Supply  (-EFI)  and  the  Norwegian  Water  Resources  and  Elec- 
tricity Board,  State  Power  System  (NVE-  S)  were  the  icing  of  transmission 
lines  and  the  use  of  self-supporting  aerial  cables  for  distribution. 
Related  information  was  obtained  from  the  Helsinki  Electricity  Works  in 
Finland  by  correspondence.  Other  subjects  discussed  with  personnel  of 
the  Association  of  Norwegian  Power  Plants  (Samkjoringen  av  Kraftverkene 
i Norge)  and  the  London  Electricity  Board  were  large  area  network  links, 
hydropower  reservoir  management  and  wholesale  trade.  Some  Norwegian 
information  was  obtained  on  the  galloping  of  power  lines. 

4.1  Icing  of  transmission  lines. 

Icing  is  mainly  a problem  in  Norway,  to  a lesser  extent  in  Sweden. 

A paper  by  Tron  Horn  (Heavy  Ice  and  Snow  Loads  on  Conductors  and  Towers 
in  the  Mountain  Districts  of  Norway,  CIGRE  Meeting,  International  Study 
Committee  No.  6,  Paris,  6 June  1964)  reports  on  observed  icing  condi- 
tions and  shows  impressive  pictures.  Figures  4.1.1  and  4.1.2  Eire  taken 
from  his  report.  Ice  build-up  of  0.9  to  1.4  m around  15-mm  conductors 
occurred.  Transmission  lines  have  to  be  built  to  connect  radio  and  TV 
transmitter  stations  on  mountain  tops  to  facilities  below.  Some  are 
designed  to  withstand  forces  as  high  as  200  kg/m  ice  load  combined 
with  35  kg/m  wind  load.  The  experience  shows  that  when  the  direction  of 
the  transmission  line  is  perpendicular  to  the  prevailing  wind  direction 
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and  the  surrounding  terrain  gives  no  protection,  large  ice  loads  may  be 
expected.  When  the  line  is  parallel  to  the  wind  direction,  heavy  icing 
on  the  conductors  is  not  normally  experienced  even  when  the  surrounding 
terrain  gives  no  protection;  however,  towers  will  experience  heavy  icing. 

E.  Olaussen  (icing  on  Overhead  Lines  in  Norway,  January  197*t,  the 
Norwegian  Research  Institute  of  Electricity  Supply  (EFI),  Technical 
Report  No.  1829,  Trondheim,  22  June  197*0  reports  on  conditions  experienced 
over  a large  area  in  Norway  during  a prolonged  storm  and  cites  good 
correlation  with  observations  at  the  ice  load  test  station  of  the  Nor- 
wegian Water  Resources  and  Electricity  Board,  State  Power  System  (NVE-S) 
near  Lillehammer.  The  usefulness  of  meteorological  information  for 
prediction  of  icing  is  indicated. 

The  first  step  towards  protection  against  ice  damage  is  in  the 
design  of  the  line.  A meteorological  evaluation  is  made  of  the  proposed 
route.  In  critical  areas  the  evaluation  will  analyze  every  tower  lo- 
cation individually.  In  some  places  the  plans  for  tower  locations  will 
be  changed  to  avoid  unnecessarily  severe  conditions.  Thereafter,  the 
problem  is  straightforward  structural  design  for  the  predicted  conditions. 

The  second  means  for  protection  is  during  actual  icing  conditions. 

The  lines  are  operated  at  full  capacity,  if  necessary  using  a dummy 
load.  This  is  usually  sufficient  to  prevent  icing,  but  is  not  always 
possible,  particularly  on  large  capacity  lines. 

Ice  can  be  removed  from  wires  by  pulling  a hook  or  a wire  loop  over 
the  wires.  Another  method  is  to  a tap  the  wires  with  wooden  poles. 

Another  winter  problem  with  transmission  lines  is  that  towers  on 
slopes  have  been  found  to  be  deformed  by  lateral  snow  forces.  These 
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forces  are  much  greater  than  the  hydrostatic  overburden  forces  due  to 


lateral  restraint  (arch  effect)  within  the  snow.  Design  criteria  for 


tower  bases  are  being  revised  to  allow  for  such  situations. 


4.2  Gallooing  of  transmission  lines. 


This  problem  is  observed  in  Norway.  It  is  also  a problem  in  the 


United  States.  A paper  by  Th.  Bednar,  Chief  Engineer,  Oslo  Light 


Company,  OLV  (Vibrations  of  Power  Lines,  Elektro-teknisk  Tidsskrift, 


Vol.  8l,  No.  4,  22  February  19 68)  discusses  observations  at  a mountain 


test  station  with  two  122-m  spans.  The  lines  swung  with  a circular 


cross  section  motion.  The  circle  was  observed  to  have  a diameter  of 


3.20  m and  tensile  forces,  measured  with  a dynamometer,  were  10.8  tons. 


compared  with  a normal  tension  of  3*2  tons.  At  another  site,  forces 


as  high  as  14  tons  were  recorded.  Sometimes  the  motion  was  a deformed 


circle  due  to  the  wind  pressure  and  sometimes  the  motion  was  strictly 


vertical,  as  with  so-called  galloping.  A paper  by  G.S.  Wilton,  T.S. 


Ormiston  and  Z.A.  Allan,  South  of  Scotland  Electricity  Board  (Modern 


Transmission-Line  Maintenance)  Proc.  IEE,  Vol.  114,  No.  7,  1967)  dis- 


cusses problems  encountered  with  galloping  of  275-kV  lines  in  Scotland 


and  England. 


A paper  by  M.  Ervik,  T.  Horn  and  R.  Johnsen  (Erection  of  and 


Vibration  Protection  on  Long  Fjord  Crossings  in  Norway,  International 


Conference  on  Large  High  Tension  Electric  Systems,  CIGRE,  Paris,  10-20 


June  1968)  discusses  methods  of  vibration  damping.  The  summary  of  the 


paper  is  as  follows: 
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In  Norway  more  than  100  fjord-crossings  with  lengths 
over  1000  m are  in  operation.  During  the  last  5 years  8 
fjord-crossings  for  275  kV  with  lengths  varying  from  1400 
to  U570  m were  installed.  The  use  of  4 phases,  one  of 
which  is  a spare  one,  of  individual  towers  for  each  phase, 
which  have  a height  of  10  to  25  m only,  is  significant.  A 

description  is  given  of  the  older  method  and  recent  methods  \ 

for  the  erection  of  fjord-spans.  The  recent  methods  use 
hasically  a specially  equipped  vessel.  The  methods  are  illus- 
trated with  figures.  Data  for  the  8 fjord-crossings  and  their 
conductors  are  given. 

I i 
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Fjord-crossings  are  more  exposed  to  vibration  than  com- 
mon overhead  line  spans.  Equipment  for  vibration  measurement, 
its  use  and  the  evaluation  of  measurements,  are  described. 

Examples  of  vibrations  damping  results  achieved  on  long  spans  t 

are  given  together  with  information  about  the  damping  equip- 
ment and  experience  with  it. 

■ 

Norwegian  standards  for  mechanical  dimensioning  and  construction 

of  electric  overhead  lines  (NEN  11.2.65.)  cover  mechanical  load  con- 

ditions  such  as  ice  load,  wind  load,  temperature  variations,  cable 

X 

weight,  non-symmetrical  load,  elevation  differences  and  horizontal 

* 

angles,  one-sided  tension  forces  and  dynamic  stresses. 

B 

4.3  Self-supporting  aerial  cables.  = 

I 

Self-supporting  aerial  cables  are  lightweight  multi-conductor  cables 

t 

consisting  of  three  or  four  spiral  wrapped,  insulated  conductors  with  ; 

1 

no  outer  jacket  and  without  a separate  mechanical  support  wire.  The 

1 , 

aluminum  conductors  provide  the  mechanical  strength  as  well  as  electrical 

p , 

conduction.  These  cables  are  rapidly  gaining  popularity  in  Finland, 

i m- 

Sweden  and  Norway  for  distribution  up  to  24  kV  because  they  offer  lower 

[ - 4 

cost  installation  and  greater  reliability  than  bare  overhead  wires. 

- L,  f. 

Finland  started  the  development  in  Northern  Europe.  The  standard 
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product  is  the  AMKA  cable  (Fig.  4.3.1)  which  has  three  insulated  and 
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one  bare  neutral  supporting  conductor.  Rated  voltage  is  750  V.  Con- 
struction details  and  electrical  properties  are  given  in  Tables  4.3.1 
and  4.3.2,  taken  from  AMKA  Self-Supporting  Aerial  Cable;  K.  Matikainen, 

J.  Mbrsky,  S.  Patja,  0.  Pirinen  and  R.  Sarm&ntb;  SAHKO-Electricity  in 
Finland,  Vol.  March  1972,  No.  3. 

Sweden  developed  the  ALUS  cable  with  all  conductors  insulated  (Fig. 

2 2 

4.3.2).  Available  sizes  are  4 x 25  mm  and  4 x 50  mm  for  1 kV  rating 
and  24  kV  rating  with  other  sizes  expected  to  become  available. 

Norway  has  EX  and  EXW  cables  shown  in  Figure  4.3.3  a-b  (Figures  of 
cable  cross  sections  are  taken  from  the  Norwegian  Research  Institute  of 
Electricity  Supply  (EFI),  Newsbrochure  No.  4,  Vol.  l4,  December  1974  with 

p 

article  by  Thor  J.  Hafstad).  Type  EX  is  available  from  2 x l6  mm  to  3 

2 2 2 
x 95  mm  , EXW  up  to  3 x 150  mm  with  16  mm  steel  cable. 

Appendix  4.1  gives  illustrations  of  LIDON  accessories  and  installa- 
tion practices  for  ALUS  cables.  The  cables  can  be  hung  from  poles  with 
either  insulated  or  uninsulated  hangers.  The  use  of  shear  pins  per- 
mits the  cables  to  drop  -under  excessive  load  to  prevent  line  rupture 
and  service  interruption. 

The  main  advantages  of  self-supporting  aerial  cables  are: 

a)  Lower  cost  than  bare  overhead  wires. 

b)  Greater  reliability  than  bare  overhead  wires,  approaching 
that  of  underground  cables. 

c)  No  need  for  clearing  of  a right-of-way  through  woods  except 
to  cut  branches  which  rest  and  rub  on  i;he  cable. 

d)  Less  aesthetic  disturbance  than  bare  overhead  wires. 
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e)  Greater  opportunity  to  use  poles  for  multiple  purposes. 

f)  Less  line  reactance  and  lightning  susceptibility. 


U. Power  lines  and  energy  trade. 

In  England  there  are  12  areas  for  electricity  supply . They  operate 
and  are  interconnected  by  a system  of  132  kV  transmission  lines.  With- 
in each  area  there  are  66  kV  and  33  kV  main  substations  and  11  kV 
substations  for  further  distribution.  In  London  all  electrical  distri- 
bution is  underground. 

The  Electricity  Council  consists  of  the  chairmen  of  the  12  Area 
Boards  and  the  chairman  of  the  Central  Electric  Generating  Board  (CEGB). 

It  advises  the  Government.  Capital  comes  from  the  Government,  rates 
are  set  by  the  Government  and  wages  are  influenced  by  the  Government. 

The  Scandinavian  countries  are  interconnected  by  a large  high- 
voltage  transmission  network  as  shown  in  Figure  h.h.l.  There  is  ex- 
tensive electric  energy  track  between  the  countries,  related  to  the 
regional  availability  of  hydroelectric  power.  Norway  has  very  large 
hydroelectric  resources  and  is  a net  exporter  of  electricity. 

The  Scandinavian  network  is  a 50  Hz  system,  as  also  is  the  con- 
tinental European  system.  However,  it  is  not  In  phase  with  the  continent. 
Therefore,  interties  with  the  continent  are  by  direct  current  (DC)  cable. 
Western  Denmark  is  part  of  the  continent.  It  is  electrically  separate 
from  eastern  Denmark  which  is  linked  with  Sweden.  There  is  an  existing 
250  kV  DC  line  (26c  MW)  between  Sweden  and  western  Denmark,  the  only 
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link  between  Scandinavia  and  the  continent.  Another  link  is  planned 
for  1976  and  1977  between  Norway  and  Denmark.  It  is  also  250  kV  DC 
with  a capacity  of  2 x 250  MW.  The  technical  difficulty  with  the  con- 
struction of  this  link  is  the  deep  trench  off  the  coast  of  Norway  which 
has  depths  over  600  m (nearly  2000  ft)  and  is  130  km  long. 

High  voltage  transmission  lines  such  as  275  kV  and  380  kV  are 
usually  built  in  Norway  with  twin  conductors.  The  cost  is  about  $120,000 
per  kn  or  about  $200,000  per  mile.  The  cost  of  cables  is  15  to  20  times 
greater  than  the  cost  of  overhead  lines. 

In  all  Scandinavia  every  effort  is  made  to  place  distribution  lines 
underground.  This  applies  primarily  to  urban  areas,  of  course.  Methods 
for  cost  effective  laying  of  cables  are  sought  but  novel  methods  have 
not  been  found.  In  unpaved  areas,  e.g.,  along  highways  approaching 
cities,  where  lighting  is  being  installed,  a method  of  plowing  cables 
into  the  ground  is  being  used  successfully.  This  method  is  also  used  in 
the  United  States. 

In  Norway,  essentially  all  power  plants  are  hydroelectric.  There 
is  an  Association  of  Norwegian  Power  Plants  which  plans  and  coordinates 
the  electrical  production  of  the  plants  and  the  export-import  trade. 

For  this  purpose  an  electric  energy  market  exchange  is  conducted.  Every 
week  each  producer  submits  his  offer  to  supply  an  amount  of  energy  and 
his  price.  This  offer  is  influenced  by  the  producer's  reservoir  con- 
dition, anticipated  water  supply  conditions  and  anticipated  market 
conditions.  The  offers  are  then  combined  to  give  a supply  picture. 


Next,  the  demand  is  estimated  based  on  experience  factors  and  a whole- 
sale price  is  set  which  matches  the  amount  offered  at  prices  up  to  that 
wholesale  price.  Thus,  a market  is  made.  Other  considerations  which 
affect  the  wholesale  price  are  related  to  the  export  (or  import)  market. 
This  is  influenced  by  the  price  of  electricity  in  other  countries  (e.g., 
Sweden  with  about  2k%  thermal  power)  which  usually  favors  export.  Re- 
servoir management  at  the  national  level  in  anticipation  of  future 
market  condiions  is  also  considered. 


Figure  4.1.1.:  Ice  loads  on  the  conductors  of  a 

20-kV  line  located  1300  m above  sea 
level  in  southern  Norway.  The 
maximum  measured  ice  load  is  302  kg/m. 


Figure  4.1.2.:  Dead  end  tower  of  a 20-k7  transmission 

line,  1666  ra  above  sea  level.  In 
the  ice  on  the  upper  part  of  the  tower 
a transformer  has  been  operated 
without  difficulties » 


High  voltage  network 
within  the  Nordic  system 
in  the  middle  of  the 
1980’s 


Figure  4.4.1.:  The  Scandinavian  high-voltage  transmission 

system  (from  1972  Study  by  CDL  - Central 
Operating  Management,  Sweden). 
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Appendix  4.1.  LIDON  accessories  and  installation 
practices  for  ALUS  self-supporting 
aerial  cables. 
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Tillbehor  till  sjalvbarande  hangspiralledning 
typ  ALUS 

fcbruarl  1971 

Distributionssystem  med  sjalvbarande  hangspiralledning 


ALUS 


Sjalvbarande  hai.gspirolledning  typ  ALUS  ar  utvecklad  tor  lAgspanningsdistribution  som  ett  ekonomiskt  kon- 
kurrcnskrattigt  altcrnativ  till  fnlednmg  och  hangkabel  typ  AKKD.  Don  (ckommenderas  bl  a av  VAST-Vattentall. 
Lodningon  bar  tvA  otter  Hera  symmetriskt  hopslagna  parlor  mod ....  oiler  50  mm’  area.  Ledarinaterialet  ar  olegerad 
aluminium  cch  isolcringen  svart  polyeton.  Markspanning  1 kV. 
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tas  1 


fas  2 


fas  3 


Parterna  ar  markta  med  Asar.  Obs  att  det  ar  an- 
xj  talet  mellanrum  mellan  Asarna  som  avgdr  partcns 


nummer.  Man  kan  bide  so  och  kanna  delta. 


□DON 


LIDON  ar  samlingsnamnet  pA  Liljeholmens  Kabels  tillbehor  for  hangspiralledning.  Med  UDON-produkterna  upp- 
(yllskravet  pAett  lattmonteral,  fur.ktionssakert  system.  UDON-produkterna  ar  utprovade  under  iAng  tid  och  upp- 
fyller  bl  a VAST-Vatientalls  senasto  fordringar  (jsn  1971). 


PINNSKRUV  Vi" 


Gaffelsakring 


Gaffelsakring  S 25  och  S 50  ar  tillverkad  av  varm- 
(orzinkat  stAI.  Den  ar  avsedd  att  skruvas  pA  pinn- 
bulten  tills  saxsprinten  stoppar.  Gafleisakringen 
har  en  avsiktllg  lorsvagning  som  gor  alt  den  bris* 
ter  innan  pAkanningen  pA  ALUS-ledningen  over- 
skrider  tillAtct  varde. 


ALUS 

oroa 

mm* 

LIDON 

typnr 

boskrivnlng 

ISsor  ul 

v?d 

kN_ 

4X25 

4X50 

S 25 
S $0 

gaffoIsSLflng’ 

gaffolsSkring 

eft  4 
ca  6 

StG- 

hummor 
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Hangfaste 


^Hangfaste  HS  25  och  HS  50  bestSr  av  stSIstropp 
kl5dd  med  hogvardlg  plast  och  manschett  av  va- 
dcrbestandigt  gummi.  Hangfastet  at  skonsamt 
mot  hangspiralledningen  och  iatt  alt  montera. 
Hangfastet  anvands  vid  raklinjostolpar  och  vid 
vlnkelstolpar  upp  till  30°. 
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ALUS 

LIOON 

teskrivnlng 

nrca 

typnr 

mm* 

4X25 

HS  25 

stSIstropp  + 
gummimanschotl 

4X50 

HS  50 

stJIstropp  + 
gummlmanschett 

Spannfaste 


Spannfaste  AS  25  och  AS  50  bestSr  av  backar  av 
hard  PVC  som  ar  infasta  I varmforzinkade  stai- 
dctaljer.  Spannfastet  anvands  tillsammans  med 
bygel  av  varmforzinkat  stai  vid  vlnkelstolpar  over 
30°,  andstolpar  och  avgrenlngar. 


ALUS 

area 

mm1 

LIDON 

typnr 

boskrivnlny 

.. 

4X25 

AS  25 

spSnnfiste 

4X25 

BY  25 

bygel 

4X50 

AS  50 

sp3nnf5sto 

4X50 

BY  50 

bygol 

Forstarkt  hangfaste 

Spannfaste  AS  25  och  AS  50  tillsammans  med 
ogla  av  varmforzinkat  st4l  kan  kravas  vid  t ex 
korsningar  dar  praktiskt  ingen  glidning  I fastet 
tolereras. 


ALUS 

aroa 

mm' 

LIDON 

typnr 

boskrivning 

SEG- 

nummor 

4X25 

4X25 

4X50 

4X50 

AS  25 
0 25 
AS  50 
O 50 

spJnnftJto 

igta 

spJnnISolo 

Ogla 

Montering 

ALUS-parterha  skiljs  into  it  vid  monto- 
ringen.  Mod  ett  cnkclt  handgrepp  tras 
manschetten  over  ledningen.Obs  att 
manschottens  oppning  alllid  skall  vara 
uppit  och  att  stilstroppen  tastes  med 
dubbclt  halvslag. 

Stroppens  bida  oglor  fasts  i gaffelsiik- 
ringcn  med  bulton  som  sparras  mod 
saxsprinten. 


Montering 

Backarna  saras  si  mycket  att  parterna 
kan  skjutas  in'  tvi  (rin  vardera  sidan. 
Mutlcrn  lossas  ej  (rin  bullen.  Parterna 
skall  ligga  i spiren  i Mela  donets  langd 
nar  inutlern  dras  it.  Muttern  dras  kraf- 
tigt.  Lamplig  skittnyckel  storlek-10. 
Nar  ledningen  hangls  upp  justeras 
ncdhangningen  genom  vaxelvis  it- 
dragning  av  bygelns  multrar. 
Monleras  spannfaslet  pi  strackt  led- 
ning  anvands  kilar  for  att  sara  par- 
terna. Se  nedan. 


Montering 

Parterna  saras  med  hjalp  av  kilar. 
Monteringen  av  fastet  pi  ledningen 
sker  som  ovan.  Oglan  skruvas  pi  den 
genom  fastet  giende  bulten  och  fasts 
darefter  i gaffelhuvudet. 
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Principskisserna  visar  krattdistribution 
vid  i/igspanning  med  ledning  ALUS  och 
LIDON-syslemct.  1 punktorna  1, 5, 6 
(avgreningon)  och  7tolereras  praktiskt 
ingen  glidning,  varfor  LIDON  typ  AS 
anvands.  I oxemplen  2, 4 och  6 (genom- 
gaonde  linjen)  montbras  LIDON  typ  HS. 
I punkt  3 anvands  aniingon  AS  oiler  HS. 


Kontakta  narmasto 
ASEA-SKANDIA-filial  eller 
Liljcho'mcns  Kobe!  for  njirmare 
upplysningaroni  LIDON- 
tillbehoren. 


LILJEHOLMENS 

IcrafroeB 


AB  Lilioholmons  Kabollabrik,  Box  421  OB,  126 12  Stockholm 
Toloton  08-10  00  40  • Tolox  1574  Kabol  S 


KR  40G 


5.  Heat  distribution. 

Most  of  the  discussion  of  heat  distribution  were  in  Sweden  with 
personnel  of  the  Swedish  District  Heating  Association  (WF),  the  Stock- 
holm Energy  Works,  the  SodertBrns  District  Heating  Authority,  and  the 
Malmoe  Industrial  Works.  In  England,  discussions  were  with  personnel 
of  the  District  Heating  Association,  including  its  founder  Mr.  Haseler, 
and  with  the  London  Electricity  Board.  From  Finland,  information  was 
obtained  by  correspondence  with  Mr.  Kilpinen,  Chief  Engineer  of  the 
district  heating  department  of  Helsinki  Electricity  Works. 

The  basic  difference  between  the  methods  of  heat  distribution  used 
in  Europe  and  those  used  in  the  United  States  is  the  carrier  medium.  In 
Europe  hot  water  is  used  in  contrast  to  steam  which  predominates  in 
U.S.  systems.  Distribution  lines  in  Europe  are  insulated  pipes  in  ducts 
(culverts)  or  directly  buried,  but  essentially  always  underground, 
similar  to  U.S.  practice-  Differences  are  usually  related  to  the  char- 
acteristics of  water  compared  with  steam. 

Information  on  heat  distribution  in  permafrost  areas  is  essentially 
unavailable.  This  is  not  really  surprising  since  even  in  North  America 
there  are  only  a few  systems  on  permafrost;  they  are  small  and  mostly  on 
military  installations . 

The  subjects  discussed  in  this  chapter  are  various  pipe  insulation 
systems,  the  efficiency  of  heat  distribution,  and  costs. 
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5.1.  Insulated  pipe  systems. 

A paper  by  Risto  Vartia  of  the  Helsinki  Electricity  Works  on  the 
Planning  and  Construction  of  District  Heating  Pipelines  gives  a com- 
prehensive description  of  the  designs  and  materials  used  in  Finland.  It 
is  included  for  reference  in  Appendix  5.1.1. 

One  of  the  insulations  described  in  R.  Vartia' s paper  as  jackets 
is  an  insulated  culvert  produced  by  Fiskars.  It  is  finding  increasing 
use  because  it  offers  an  economical  method  for  heating  pipeline  installa- 
tion. It  is  used  for  direct  burial.  Details  are  described  in  Appendix 
5.1.2. 

Examples  of  typical  current  Swedish  pipe  installation  and  insulation 
practice  are  given  in  Figures  5.1.1.  through  5.1.8.  Large  pipes  ranging 
in  size  from  250  mm  (about  10  in.)  to  700  mm  (about  28  in.)  inside 
diameter  are  installed  in  ducts  (culverts)  as  show^  in  Figure  5-1.1. 
Generally,  cast-in-place  ducts  seem  to  be  preferred  because  they  offer 
the  best  water  tightness.  A drain  tile  under  the  duct  adds  to  the  water 
protection  and  sumps,  with  access  for  pumping,  are  provided  at  low  points. 
Glass  wool  or  mineral  wool  insulation  is  placed  around  the  pipes.  Outer 
jackets  are  not  applied  so  that  moisture  can  always  escape,  however,  a 
plastic  sheet  is  often  used  to  cover  the  top  half  of  the  pipe  over  the 
insulation  for  protection  against  the  possibility  of  water  dripping  on 
the  pipes.  Vent  stacks  are  also  installed  at  intervals  as  shown  in 
Figure  5.1.2.  They  permit  humidity  to  escape  from  the  duct.  They  are 
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used  also  for  forced  drying,  when  necessary.  For  that  purpose  com- 
pressed air  is  blown  into  one  vent  stack.  The  escaping  air  on  adjacent 
stacks  shows  telltale  condensed  vapor  plumes  until  the  duct  is  dry. 

A variation  of  the  insulation  system  described  above  is  to  fill  the 
duct  with  cellular  concrete  instead  of  wrapping  glass  wool  insulation 
around  the  pipes.  Vent  and  drainage  channels  are  provided  in  the 
corners  of  the  duct.  Views  of  pipes  being  installed  in  ducts  are  shown 
in  Figures  5.1.3.  and  5.1.1*. 

Smaller  pipes  are  installed  in  the  pipe-in-pipe  systems  with  air 

gap  as  shown  in  Figure  5.1.5.  Sizes  from  125  mm  (about  5 in)  to  300  mm 

(about  12  in.)  inside  diameter  are  installed  individually  within  a pipe, 

smaller  sizes  from  25  mm  (about  1 in.)  to  100  mm  (about  1*  in.)  inside 

diameter  are  installed  in  pairs  within  a pipe.  Figure  5.1.6.  and  Table 

5.1.1.  give  additional  detail  information  about  these  pipe-in-pipe 

s 

systems.  The  hot  water  pipes  are  steel  tubes  joined  by  welding.  The 
spacer  for  positioning  the  pipe  (slightly  above  the  center  of  the  outer 
pipe)  is  polyurethane  foam  and  the  insulation,  20  to  1*0  mm  thick,  is 
glass,  mineral  wool  or  polyurethane  foam.  The  outer  pipe  is  steel, 
polyurethane  or  asbestos  cement  coupled  with  0-ring  seals.  Asbestos 
cement  will  be  prohibited  in  Sweden  from  1973  on  because  of  reports 
that  show  that  it  may  be  carcinogenic.  The  royal  Swedish  labor  protec- 


tion board  has  decided  that  asbestos  cement  should  be  replaced  by  less 
dangerous  materials. 


Some  use  is  made  of  steel,  plastic  or  copper  tubes  with  mineral 
wool  or  urethane  foam  insulation  and  extruded  polyethylene  or  PVC 
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Jacket.  Joints  are  covered  and  sealed  with  plastic  heat-shrinkable 
sleeves.  These  directly  buried  pipes  come  in  all  dimensions  and  are 
used  for  service  lines.  They  provide  an  economical  method  of  instal- 
lation. Figures  5.1.7  and  5.1.8  show  examples  of  such  installations. 

A development  coming  from  Germany  offers  increased  efficiency  and 
simplicity  of  installation  for  small  pipe  sizes.  The  pipe  with  its 
integral  insulation  and  protective  jacket  is  flexible  and  can  be  buried 
directly  in  long  continuous  lengths,  following  curves  and  slopes 
similar  to  an  electrical  cable.  Figure  5.1*9  illustrates  the  instal- 
lation method.  Connections  are  made  with  standard  fittings.  The  inner 
pipe  is  made  of  corrugated  copper  or  stainless  steel  tubing.  The 
insulation  is  foamed  polyurethane  rated  at  120°C.  The  outer  pipe  is 
corrugated  steel  with  extruded  polyethylene  jacket.  Figure  5*1.10 
shows  details  of  this  "cable-pipe." 

Another  development  from  Sweden  is  copper  tube  with  glass  wool 
insulation  and  extruded  10)  polyethylene  jacket  (Appendix  5.1.3.).  In 
small  diameter  sizes  the  pipe  is  supplied  in  large  coils  with  25-m 
lengths.  Larger  sizes  come  in  straight  lengths.  The  pipe  is  buried 
directly  in  the  ground  in  a slightly  sinusoidal  line  which  eliminates 
the  need  for  expansion  compensation.  The  copper  tube  expands  and  con- 
tracts inside  its  jacket.  Joints  are  soldered  and  insulated  and  sealed 
with  a heat-shrink  sleeve. 

Thermal  movement  of  heat  distribution  pipes  is  compensated  by  two 
basic  methods:  Expansion  loops  and  bellows.  An  example  of  an  expansion 
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loop  is  shown  in  Figure  5.1.11  for  a large  pipe  size.  Loops  are  a very 
reliable  method  for  movement  compensation.  Bellows  are  used  as  far  as 
possible  in  distribution  systems  and  avoided  in  others.  Alignment  of 
the  pipe  ends  at  the  bellovs  connection  is  critical,  otherwise  the 
bellows  fail  prematurely.  Stress  corrosion  sometimes  also  causes  failure. 

"No  Comp"  patented  compensation  - free  method  of  heat  distribution 
pipe  installation  has  found  some  application  in  Sweden.  The  pipes  are 
installed,  heated  to  a prescribed  temperature  and  anchored  such  that  the 
operational  temperature  changes  produce  stresses  that  are  within  the 
code  limits.  The  pipes  are  restrained  by  anchors  and  frictional  forces. 
The  principle  is  similar  to  the  continuous  welded  steel  rails  which  have 
found  wide  application  by  railroads  around  the  world. 

5.2  Distribution  methods  and  efficiency. 

For  distribution  of  hot  water  from  the  plant  to  an  urban  area  a 
closed  circuit  primary  distribution  system  with  supply  and  return  lines 
is  used.  Examples  of  networks  for  primary  distribution  are  shown  in 
Figures  5.2.1.  and  5*2.3.  A network  may  be  supplied  by  several  plants; 
small  and  growing  networks  may  be  linked  to  a larger  existing  network, 
and  neighboring  networks  may  be  interconnected.  Large  networks,  supplied 
by  different  plants,  offer  increased  reliability  and  economic  feasibility. 
Figure  5.2.2  shows  the  energy  balance  for  the  supply  and  the  sale  of 
district  heat  in  Helsinki.  Note  the  combination  of  heat  and  power 
plants,  heating  plants  and  also  one  refuse  incineration  plant. 
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The  supply  temperature  in  the  primary  distribution  varies  between 
70  to  80°C  and  120°C,  depending  on  the  weather.  The  highest  supply 
temperature  is  delivered  during  the  lowest  ambient  air  temperature  at 
the  location  (e.g.  -20°C)  and  the  lowest  supply  temperature  is  delivered 
at  about  +2  to  +4°C  ambient  air  temperature  and  above.  Figure  5.2.4  il- 
lustrates in  principle  the  water  temperatures  and  flow  rates  as  related 
to  the  weather.  The  flow  rate  is  essentially  constant  at  the  rated 
capacity  and  the  water  temperature  is  modulated  corresponding  to  the 
heating  requirements.  The  return  water  temperature  depends  on  the 
efficiency  of  the  customers'  heat  exchangers  and  varies  about  as  shown  in 
Figure  5.2.4.  Low  return  temperatures  are  encouraged  through  rates 
based  on  the  amount  of  water  used  and  with  thermostat  controlled  flow 
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valves  at  the  return  pipe  connection. 

The  service  lines  connecting  the  main  distribution  lines  to  indi- 
vidual buildings  are  linked  to  heat  exchangers  within  the  buildings  for 
secondary  distribution.  The  secondary  distribution  supply  system  temp- 
erature is  usually  in  the  temperature  range  of  60  (return)  to  80°C 
(supply)  (l40  to  176°F).  Pressures  in  the  secondary  distribution  are 
low,  as  in  common  hot  water  heating  systems  with  oil  burning  boilers. 

The  separation  of  primary  and  secondary  water  systems  provides 
protection  to  the  building  from  the  high  pressures  of  the  primary  system 
and  protection  to  the  primary  system  from  problems  in  secondary  systems. 
The  heat  exchangers  are  compact  pieces  of  equipment  taking  the  place  of 
a boiler.  Figure  5-2.5  shows  the  principle  of  a building  connection. 


Lm 


A typical  heat  exchanger  for  a large  building  is  shown  in  Figure  5.2.6. 
This  "consumer  substation"  may  serve  a building  with  many  apartments  or 
offices  or  even  a residential  area  with  separate  individual  homes.  For 
individual  homes  the  alternative  is  an  individual  "substation"  as  shown 


in  Figure  5-2.7.  The  heat  exchanger  with  controls  is  a package  unit 
resembling  an  appliance  that  may  be  set  up  in  the  basement  or  the  kitchen. 
Such  package  units  make  it  economically  feasible  to  connect  many  small 
consumers  individually  to  bhe  primary  distribution  system. 

When  district  heating  is  introduced  in  a new  area  removed  from  an 
existing  distribution  system,  mobile  heating  plants  are  moved  into  the 
area  to  supply  the  growing  network.  Figure  5.2.8  shows  mobile  heating 
plants.  After  two  to  three  years,  when  construction  of  a main  supply 
line  from  the  big  distribution  system  is  feasible,  the  mobile  plant  is 
disconnected  and  moved  to  the  next  site.  Isolated  distribution  systems 
supplied  by  transportable  plants  are  shown  in  Figure  5,2.1. 

Distribution  to  low  density  areas  is  more  costly  than  to  high 
density  areas.  Therefore,  central  city  areas  are  usually  served  by 
district  heating  first.  As  a system  grows,  the  marginal  cost  of  adding 
subscribers  diminishes  and  it  becomes  feasible  to  supply  lower  density 
areas  at  the  perimeter  of  a city.  Sometimes  a small  community  can  be 
served  economically  when  it  is  located  close  to  a main  transmission 
line.  The  possibilities  for  low  density  distribution  are  illustrated  by 
the  example  of  the  city  of  VSsteras  in  Sweden,  where  9&%  of  the  heating 
needs  are  supplied  by  district  heating.  The  population  is  about  100,000, 
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not  counting  about  20,000  inhabitants  in  suburbs.  The  connected  load  was 
848  Mtf(th)  in  March  1976  and  heat  deliveries  were  1657  GWh(th)  per  year. 
The  distribution  system  included  342  km  of  pipes  from  80  to  1000  mm 
diameter  and  170  km  of  pipes  less  than  80  mm. 

In  central  Stockholm  the  connected  values  of  district  heating  load 
in  March  1976  vas  1267  MW(th)  with  deliveries  of  1946  GWh(th)  through  168 


km  of  pipes,  50  ram  diameter  or  greater.  The  corresponding  load  density 
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is  about  125  MW ( tli ) /km  . The  quoted  lower  load  density  limit  for 

2 

economical  operations  is  15  to  20  MW/km  . By  comparison,  the  electric 

2 

load  density  in  the  central  city  is  l60  MW(e)/km  and  in  the  suburbs 
about  2 MW(e)/km  . The  high  electric  load  density  in  the  city  is 
probably  due  to  heavy  use  by  industry  and  public  transportation.  It 
should  be  noted  that  the  heating  load  density  of  a suburb  is  usually 
several  times  greater  than  the  electric  load  density.  Therefore, 
district  heating  is  approaching  economic  feasibility  in  suburbs. 

The  heat  losses  from  district  heating  are  5 to  6 % in  high  density 
areas,  15  to  20$  in  low  density  areas,  about  8$  average  for  Sweden. 

The  fluid  dynamic  friction  losses  which  must  be  offset  by  pumping  power 
are  estimated  to  be  about  5$-  (Fluid  friction  losses  are  not  lost 
thermal  energy  but  become  part  of  the  delivered  heat! ) By  comparison, 
electrical  transmission  and  distribution  losses  are  about  12  to  13$. 

The  design  load  capacity  of  various  pipe  sizes  is  summarized  in 
Table  5.2.1.  Small  pipes  are  operated  at  lower  water  velocities  than 
larger  pipes  to  avoid  excessive  fluid  friction  losses. 
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5.3  Distribution  costs  and  'benefits. 


District  heating  can  be  economical  only  when  most  buildings  in  an 
area  to  be  served  subscribe  to  the  service.  This  is  the  same  situation 
as  with  municipal  water  and  sewage  systems.  A law  concerning  district 
heating  will  take  effect  in  autumn  1976.  This  law'  says  that  when  an 
area  is  designed  for  district  heating  everyone  has  to  use  district  heating. 

The  requirement  may  appear  undesirable  or  inequitable.  However, 
the  experience  proves  th<=>  contrary.  Rates  for  district  heat  are  set 
such  that  it  is  less  expensive  than  the  heating  cost  with  self-owned  oil 
burning  equipment.  District  heat  is  also  more  reliable,  requires  less 
maintenance,  and  is  safer.  Therefore,  everybody  is  anxious  to  get 
district  heating  service. 

Rates  for  district  heat  in  Stockholm  are  listed  below  the  reference. 


They  include  a basic  subscription  fee,  a distribution  fee,  a cost  of 


living  index  fee  and  a production  fee. 
a)  Subscription  fee 


C-  100  kW 
100-  1000  kW 

1000-  3000  kW 

3000-  10000  kW 
10000-  30000  kW 
over  30000  kW 


500  Skr/year+50  Skr/kW/year 
2500  Skr/year+30  Skr/kW/year 
12500  Skr/year+20  Skr/kW/year 
27500  Skr/year+15  Skr/kW/year 
77500  Skr/year+10  Skr/kW/year 
227500  Skr/year+  5 Skr/kW/year 


b)  Distribution  fee 

3 

0.50  Skr  per  m hotwater  that  cirkel  through  the  subscribers 
receiver . 


c)  Cost  of  index  fee 

K-350 
350  ( b) 


a = subscription  fee  b = distribution  fee  K = consumer 
price  index  of  the  middle  month  in  the  preceding  quarter 

d)  Production  fee 

1,285  x R fire  per  kWh 

Where  R = special  reference  price 

The  relative  shares  of  the  four  fees  making  up  the  cost  of  district 
heat  were  in  1973  about  as  follows: 

Subscription  fee  l6% 

Distribution  fee  22/S 

Cost  of  living  index  fee  5/S 

Production  fee  57/S 

The  average  heating  cost  to  the  customer  in  1973  was  SKr  0.0376/ 
kWh(tb),  of  which  SKr  0. 0133/kWh (th)  were  distribution  costs.  For 
comparison,  the  average  cost  of  electricity  (mostly  hydroelectric)  was 
SKr  0.095l/kWh(e) , of  which  about  SKr  0.033/kWh(e)  represented  dis- 
tribution costs.  The  average  cost  for  district  heat  was  about  SKr  7.00 
per  square  meter  (IO.76  ft  ) of  living  space.  Prices  for  197^  ana  1975 
are  significantly  higher,  due  to  higher  oil  prices. 

The  exchange  rate  at  the  end  of  1973  was  SKr  h.60  = US$  1.-  . In 
1975  the  rate  is  about  SKr  •*.-  = US$  1.-. 

The  cost  of  the  distribution  system  in  Stockholm  is  about  SKr  200 
per  kW(th).  The  cost  of  installing  pipes  as  shown  in  Figure  5-1.5  is 
given  by  the  following  relationship: 
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Cost  in  SKr/m  = 500  + 5 D 


whereby  D is  the  diameter  (inside)  in  mm.  This  is  the  installed 


cost  in  suburban  areas.  In  central  cities  the  cost  is  50  to  100$  higher. 


The  charges  for  a subscriber  ^ vnnection  to  the  system  depend  on  the 


particular  situation.  C^oiric  rates  are  given.  When  an  area  becomes 


designated  for  district  heating  service,  the  customers  in  the  area  are 


given  a credit  lor  their  existing  heating  equipment,  depending  on  its 


size  and  age,  if  the  conversion  is  made  during  a specified  one-year 


period. 


One  of  the  big  benefits  of  district  heating  is  the  clean  air  that 


prevails  .in  the  city,  compared  witn  the  pollution  of  cities  without 


or  before  district  heating. 
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Table  5.1.1:  Dimensions  of  insulated  hot  water  steel  pipes 

in  asbestos  cement  pipes  (in  millimeters) . 
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Table  5.2.1.:  Water  velocities  and  thermal  carrying 

capacities  of  hot  water  pipe  lines. 


Pipe  inside 
diameter 
mm 

Water 

velocity 

m/s 

Capacity 
(AT  = 55°C) 
MW(th) 

32 

0.9 

0.2 

40 

1.0 

0.3 

50 

1.2 

0.6 

65 

1.4 

1.2 

80 

1.6 

1,9 

100 

1.8 

3.6 

125 

2.0 

6.1 

150 

2.2 

9-8 

200 

2.5 

20 

300 

2.7 

45 

4oo 

2.8 

75 

500 

2.-9 

125 

6oo 

3.0 

190 

TOO 

3.0 

260 

800 

3.0 

340 

900 

3.0 

430 

1000 

3.0 

530 

1100 

3.0 

640 

1200 

3.0 

760 

1300 

3.0 

890 

1400 


3.0 


1030 


Concrete 


mm 


‘.'•Sand;.*. 


Drain 


Dimensions  in  mm 


Type 

Tube  Dia 

C/C 

b 

B 

a 

h 

H 

c 

d 

2.5 

250 

350 

780 

1020 

120 

480 

750 

150 

120 

3 

300 

4t)0 

880 

1120 

120 

530 

800 

150 

120 

3.5 

350 

440 

950 

1190 

120 

550 

840 

160 

130 

4 

400 

528 

1080 

1320 

120 

595 

915 

170 

150 

5 

500 

630 

1280 

1580 

150 

745 

1085 

180 

160 

6 

600 

732 

1490 

1790 

150 

850 

1220 

200 

170 

7 

700 

834 

1780 

2080 

150 

990 

1360 

200 

170 

Figure  5.1.1. j Typical  Swedish  water  pipe  installation 
in  ducts  for  pir  sizes  of  250  mm  (10  inches) 
and  greater. 
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Figure  5.1.11:  Expansion  loops  for  800-mm  pipes  in  a concrete  duct. 
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Figure  5.2.2.:  Energy  balance  for  the  district  heating  system  in 

Helsinki,  Finland. 
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Figure  : 


Figure  5 


.2.3.:  District  heating  network  of  Malmo#-  , 

Sweden,  showing  the  large  heat  and 
power  plants  (HVK,  RVK),  and  the 
central  heating  plants  (RFC,  VFC,  OFC, 
MFC,  RFC,  UFC) . 


2.4.:  Typical  heat  distribution  water  tempera- 

tures and  flow  rates.  During  cold 
weather  the  supply  temperature  is  adjusted 
according,  to  the  air  temperature  while  the 
flow  rate^nearly  constant  at  the  design 
capacity. 
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Figure  5.2.5.:  Artist's  sketch  of  a district  heating 

system  connection  to  a building.  The 
heat  exchanger  is  show  without  valves 
and  control  equipment  for  clarity  and 
to  emphasize  its  simplicit/  and  compactness. 


A = District  heating  water 

Outgoing  flow  pipeline  120°C 
B = District  heating  water 
Return  flow  pipeline  70°C 
C = Radiator  system  80°C 
D = Radiator  system  60*0 
E = Domestic  hot  water  max  65° C 
F =•  Tap  water  5°C 
G = Schematic  heat  exchanger 


Figure  5.2.8.:  Mobile  heating  plants  inMalmoe,  Sweden.  The 

typical  size  is  3 MW  (th)  which  can  serve  about 
400  apartments. 
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Appendix  5.1.1.: 


Planning  and  Construction  of  District  Heating  Pipelines 


presented  at 

First  International  District  Heating  Convention 
London,  1970 


By 

Mr.  Risto  Vartia 

Hthingin  kaupungin  sUhkSlaitot 


THIS  report  will  concentrate  solely  on  hot  water  dis- 
trict heating  pipelines  andon  those  pipeline  construc- 
tions mainly  used  or  in  use  m the  district  heating  pipelines 
of  the  city  of  Helsinki  (maximum  pressure  it  at,  maxi- 
mum temperature  I20°C). 


General  planning 

The  basis  for  the  planning  of  pipelines  must  be  a general 
plan  of  the  distribution  system  with  the  areas  to  be  heated, 
a determination  of  the  heat  demand,  preliminary  dimen- 
sioning of  the  pipelines  and  pressure  losses. 


In  selecting  the  type  of  pipeline  the  possibility  of  using 
cheaper  types  of  pipeline  i.e.  pipelines  in  buildings  or  the 
open  air  mtist  first  be  considered.  These  are  also  the  best 
possible  solutions  ^as  regards  corrosion.  In  the  case  of 
underground  pipelines  it  should  be  remembered  that  no 
duct  is  too  per  cent  water  tight,  so  that  tile  ducts  must  al- 
ways be  made  with  a sufficient  descent  in  a certain  direct- 


possible,  to  reduce  the  risk  of  water  getting  into  the  duct. 


PLANNING  OF  PIPELINES 

The  aim  is  to  plan  an  optimum  heat  distribution  system 
on  the  basis  of  the  general  plan  in  which  both  construc- 
tion and  maintenance  costs  have  been  taken  into  con- 
sidsration.  In  order  to  achieve  this  result  about  half  the 
planning  must  be  based  on  information  on  operational 
experience  and  maintenance  costs. 

Planning  of  pipelines  should  at  least  include  the  following : 

- collecting  information  on  sites  and  conditions  of  pos- 
sible routes,  other  pipelines,  cables  etc.  along  the  routes, 

- selection  and  levelling  of  routes, 

- checking  of  transmission  capacities, 

- determination  of  sectioning  points, 

- estimation  of  sites,  selection  of  typei  and  construction 
of  pipeline  and  determination  of  need  for  external 
drainage, 

- final  plan  with  route  and  profile  drawings,  including  air 
release  and  emptying  of  pipes,  anchoring  and  expan- 
sion compemation  of  pipes  and  drainage  of  duct, 

- final  estimate  of  the  costs  of  the  detailed  plan  mentioned 
above. 

The  collecting  of  preliminary  information  is  most  impor- 
tant in  planning,  as  this  avoids  wrong  selections  of  routes 
and  type  and  construction  of  pipelines,  as  well  as  un- 
pleasant surprises  in  carrying  out  the  work.  The  crossing 
of  district  heating  pipelines  and  other  pipelines  and  cables 
in  the  city  centre  often  makes  work  very  difficult  and  ex- 
pensive because  electrical,  telephone  cables  and  gas  pipe- 
lines are  usually  on  the  same  street  level  as  district  heating 
pipelines. 

In  estimating  sites,  phreatic  high,  overflow  limits,  height 
of  sea  water,  soil,  traffic  demands  and  other  factors  in- 
fluencing selection  both  of  type  and  construction  must  be 
taken  into  consideration. 

Estimation  of  the  site  must  include  investigation  as  to 
whether  drainage  is  necessary  or  whether  it  brings  any 
advantage.  In  addition  it  must  always  be  remembered  that 
external  drainage  can  never  replace  the  internal  draining 
of  ducts. 

Stop  valves  in  the  heat  distribution  system  are  needed  for 
two  reasons: 

- when  a network  by  two  or  more  stations  is  divided 
up  in  special  open,  onal  situations;  and 

- when  a network  is  divided  up  because  of  connection 
of  new  pipelines  or  maintenance  work  in  order  to  re- 
duce interruptions  in  distribution  or  the  water  amount 
to  be  released. 

It  is  unsatisfactory  and  expensive  to  install  stop  valves  in 
every  branch  of  an  underground  pipeline  just  for  safety. 
Investment  and  maintenance  costs  then  rise  considerably 
because  of  the  additional  equipment  to  be  maintained. 

'Hie  need  for  stop  valves  in  connecting  new  pipelines  is 
reduced  by  the  fact  that  a branch  pipeline  can  nowadays 
be  connected  to  the  main  pipeline  without  interrupting 
distribution.  This  method  is  shown  in  Fig.  i. 


TYPES  OF  PIPELINE 

There  are  three  different  types  of  pipeline  in  the  heat 
distribution  system: 

- underground  pipelines; 

- pipelines  in  buildings  or  tunnels; 

- pipelines  in  the  open  air. 

Approximately  half  the  heat  distribution  system  comprises 
pipelines  in  buildings,  tunnels  and  the  open  air  and  the 
other  half  underground  pipelines. 
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Fig.  i. — Connection  of  a branch  pipeline  to  the  main  pipeline 
vnthout  an  interruption  tn  the  distribution 


1.  A=branch  plpa  aqulppad  with  a working  cpafllngis  waWad  to  tha  main 
pfpalina* 

2.  A sawing  davit*  is  fattened  to  sha  branch  pi  pa  and  a hola  Is  sawn  to  tha 
main  piptlina 

3.  Tht  saw  with  the  piact  sawn  from  tha  main  pi  pa  Is  drawn  to  an  uppar 
position  and  tha  working  opining  is  dosad  with  a swing  disk  balonging  to  th« 
branch  plpa 

4.  Tha  oparating  pratsurt  in  tha  pipa  katpi  tha  disk  tight  in  tha  opaning 

5.  Tha  tightness  of  tha  branch  pi  pa  it  itrangthanad  through  wafding 
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Fig.  2. — Site-cast  duct 


Thesite-cast  duct,  the  so-called  rectangular  duct  and  its 
different-variations  arc  the  mcst  - general  duct  construc- 
tions in  Europe. 

Semi-prefabricated  ducts 

Construction  is  the  first  step-towards  prefabricated  ducts 
and  thus  to  reduced  costs.  It  consists  of  a site-cast  duct 
base  and  of  a prefabricated  cover,  Fig.  3.  The  semi- 
prefabricated  ducts  vary  in  length  according  to  size  and 
type  from  2 to  4 m.  The  joint  of  the.  base- and  cover  is 
sealed  either  with  cement  mortar  or  with  rubber  bitumen 
band.  The  cross  joints  of  prefabricated  ducts  ate  sealed 
with  rubber  bitumen  band  and  protected  with  cement 
mortar.  The  shrinking  joints  of  the  duct  base  are  made 
using  PVC  tightening  band. 

Prefabricated  ducts 

Figs.  4 and  3 show  a prefabricated  duct  intended  for  pipe 
sizes  150  ..  . 700  mm.  The  lengths  of  the  prefabricated 
ducts  vary  according  to  size  from  2 to  4 m.  The  lower 
parts  of  the  ducts  are  welded  together  a:  four  points.  The 
cross  and  longitudinal:  joints  of  prefabricated  ducts  are 
made  with  rubber  bitumensband.  The  cross  joints  are 
protected  with  cement  mortar. 

Fig.  6 shows  a combination  of  a site-cast  duct  and  of  a pre- 
fabricated duct.  It  (s  used  in  a damper  soil  than  the  pre- 
fabricated duct.  Nowadays  it  is  also  used  in  street  cros- 
sings instead  of  site-cast  ducts.  The  advantage  of  this 
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FlO.  3.— Semi-prtfabricctud  duct 
Underground  pipelines 

The  cover  solutions  for  underground  pipelines  pan  be 
divided  into  the  following  four  groups: 

- site-cast  duct; 

- semi-prefabricated  duct; 

- prefabricated  duct; 

- jacket  construction. 

The  fact  that  there  are  several  different  cover  solutions 
for  underground  pipelines  naturally  depends  partly  on 
local  conditions,  but  certainly  also  on  the  fact  that  ex- 
change of  information  on  constructions,  operational 
experience  and  costs  has  not  been  sufficient  between 
different  works,  cities  and  countries. 

In  Helsinki  the  concrete  constructions  of  ducts  are 
generally  dimensioned  to  endure  without  cracking 
a wheel  load  of  7000  kg  + 40  per  cent  dynamic  increase. 
In  order  to  make-the  concrete  constructions  water-tight 
the  breaking  strength  of  the  concrete  must-be  at  least 
300  kp/cm*. 

Site-east  ducts 

This  duct-construction  is  the  least  developed  and  most 
expensive,  but  when  well  done  also  the  most  water-tight 
solution.  A prefabricated  duct  should  be  aimed  at  because 
this  kind  of  construction  reduces  both  working  time  and 
costs.  On  the  other  hand  a site-cast  duct  is  the  best  solution 
in  exceptionally  damp  ground  or  in  places  where  extreme 
strength  is  needed,  e.g.  in  crossing  railways.  Fig.  2 shows 
■this  kind  of  duct.  In  very  damp  and  muddy  ground  the 
d,uct  must  be  water-pressure  insulated  and  PVC-band 
must  be  used  in  joints  between  the  wall  and  cover.  The 
same  kind  of  PVC  tightening  band  is  used  in  the  shrinking 
joints  at  23  m intervals  in  the  duct. 


FIG.  4.— Prefabricated  duct 


FIG.  5. — Prefabricated  duct:  anchor  point  in  the  foreground 
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Fig.  6. — Silf-fdir  duet  with  prefabricated  upper  parts 

solution  is  that  after  laying  thcfprcfabricatcd  upper  duct 
pans  the  ditch  can  immediately  be  filled  and  traffic  is  not 
disrupted. 

The  building  costs  of  various  cover  solutions  differ  greatly. 
A site-cast  duct  for  pipe  size  600  mm  costs  about  1350 
Fmk/m  and  the  corresponding  prefabricated  duct  only 
about  half  that.  I’art  of  the  cost  difference  naturally 
depends  on  the  fact  that  in  Helsinki  site-cast  ducts  are 
used  in  the  worst  conditions  and  at  street  crossings. 

Jackets 

Only  one  variation  of  this  solution  is  nowadays  used  in 
Helsinki.  This  can  be  seen  in  Fig.  7.  The  space  between 
the  outer  polyethylene  shell  and  the  inner  glass  fibre  pipes 
is  filled  with  hard  polyurethane  foam.  Steel  pipes  arc 
fitted  insidc-thc  inner  pipes.  The  prefabricated  jackets  ate 
about  10  m long  and  they  arc  jointed  with  rubber  bitu- 
men felt.  The  joint  is  protected  with  reinforced  concrete 
or  with  shrink  sleeves  of  polycthvlenc.  Lip  to  pipe  size 
125  mni  both  steel  pipes  ar  inside  the  same  jacket,  but 
for  bigger  sues  two  separate  prefabricated  jackets  are 
used. 

The  advantages  v this  system  arc  the  small  space  require- 
ment and  relative  gross  length.  It  has  proved  satisfactory 
in  branch,  pipelines  between  the  main  pipeline  and  build- 
ings in  ihcccnircof  1 lelsinki. 

PIPELINE  CONSTRUCTION 
Pipes,  elbows,  Flanges 

Appendices  1 and  2 arc  the  recommendations  made  by  the 
Study  Committee  on  Pipelines  uf  Lampolaitosyhdistys 
r.y.  tAssociation  of  Finnish  District  Heating  Under- 
takings; on  the  technical  demands  of  p.pes,  elbows  and 
flanges  in  district  heating  pipelines.  Dimensions,  mater- 
ial, conditions  of  supply,  surface  treatments,  etc.  are  given. 

Alignment  guides,  anchors  and  pipe  supports 
The  constructions  of  pipe  supports,  alignment  guides 
and  anchors  of  underground  pipelines  can  be  sccn  in  the 
enclosed  figures.  These  constructions,  with  a semi- 
prcfabricated  duct  insulated  with  aerated  concrete,  can  be 
seen  in  Fig  8,  those  of  the  site-cast  duct  in  Fig.  9 and 
those  of  the  prefabricated  duct  in  Fig.  to.  The  basis  for 
planning  of  alignment  guides  and  anchors  of  the  pre- 
fabricated duct  has  been  that  the  prefabricated  upper  duct 
parts  can  be  laid  as  such  over  these  construct  ions. 

It  is  a general  rule  in  the  planning  of  support  and  align- 
ment constructions  that  the  pipe  itself  should  never  be  the 
sliding  surface. 

The  distances  between  pipe  supports  are  as  follows: 
Figs.  8a,  91, 10a 

pipe  size  700...  300  mm  6'0m 

„ „ 250...  200  „ 5‘0  „ 

i>  >»  150...  65  a 4‘0 1,  , 


FlG.  7- — Jacket  pipeline 

The  recommended  distances  between  alignment  guides 
are: 


Figs.  8b,  9b,  10b 

1.  distance  from 

following 

pipe  size 

expansion  joint 

distances 

700  . . . 500  mm 

8m 

26  m 

400..  .350  „ 

6 „ 

20  „ 

300 . . . 200  „ 

4 » 

16  „ 

150...  80  „ 

3 » 

to,, 

The  alignment  guides  used  immediately  on  both  sides  of 
the  axial  expansion- joints  arc  shown  in  Figs.  8c,  9c  and 
10c.  In  prefabricated  ducts,  Fig.  10c,  both  pipes  are  put 
together  by  means  of  sliding  guides  between  the  pipes. 
Thus  a weight  is  reached  sufficient  to  resist  the  upward 
pushing  component  caused  by  any  errors  in  laying  tne 
pipes. 

Figs.  8d,  gd  and  lod  show  anchors.  The  construction, 
Fig.  gd,  with  an  upper  balk  and  interlocking  parts  is  used 
as  an  anchor  in  site-^ast  ducts.  Earlier  this  kind  of  anchor 
was  always  made  with  two  traverses,  but  in  almost  every 
case,  depending  on  installation  difficulties,  one  traverse 
alone  took  the  whole  force  bearing  on  the  anchor.  The 
anchor  of  the  prefabricated  duct  is  or  very  light  construc- 
tion, r g.  the  whole  anchor  for  pipe  size  500  mm  weighs 
only  about  140  kg  whereas  the  anchor  with  two  traverses 
weighed  about  580  kg.  It  must,  however,  be  admitted  that 
the  omission  of  over-safety  and  the  approval  of  a bigger 
permissible  tensile  strength  have  also  influenced  the 
weight  reduction. 

Thermal  expansion  and  expansion  joints 
The  thermal  expansion  of  pipes  is  about  o 012  mm-nTC 
e.g.  the  change  in  length  corresponding  to  a 120  C tem- 
perature differcnce-is  about  1.4  mmim.  In  order  to  meet 
this  expansion  the  following  means  and  equipment  arc 
used. 

- Natural  bends  alone  arc  usually  enough  in  pipelines  in 
buildings,  the  open  air  and  small  underground  pipe- 
lines. There  must  be  then  sufficient  space  for  the  pipes 
to  move  in  the ' end.  If  the  movement  of  the  pipe  in  the 
bend  is  8 and  the  pipes  arc  50  per  cent  prcstxetched 
the  necessary  pipe  arm  x for  compensation  can  be 
determined  by  the  formula x -63%'D.o-'  6 where 
D is  thcoutcr  diameter.  Natural  compen  ion  must 
always  be  putto  advantage  whenever  the  roi-iepermits. 
It  is  a very-reliable  and  cheap  way  to  compensate  ther- 
mal movements.  On  the  other  hand  it  Isaoo  expensive 
to  make  bends  in  underground:mains  only  for  natural 
compensation. 

- Axial  expansion  joints  are  used  to  compensate  mains, 
pipe  size  200  . . . 600  mm.  These  expansion  joints  nor- 
mally  have  welding  ends  and  are  laid  in  the  ci  iinary 
duct  without  inspection  manholes  or  indications  on  the 
walls  of  buildings.  Ir  is  too  expensive  and  not  advisable 
to  build  chambers  for  expansion  joints.  Tne  bellows  of 
the  axial  expansion  joint  arc  usually  made  of  stainless 


FlG.  Semi- prefabricated  duct 

(ft)  Pit*  support* 

Ik)  Horizontal  alignment  guide* 

(c)  Both  horizontal  ana  verticil  alignment  guides 

(d)  Anchor  point 


Flo.  9. — Sitc-cast  duct 

(t)  Pip«  supports 

(b)  Hor Szontal  alignment  guides 

te)  Both  horizontal  and  vertical  alignment  guides 

(d)  Ancho-  point 
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FlO.  10. — Prefabricated  duct 

(»)  Pip*  s vppof.t 

(b)  Horixonttl  ilitnm*nt  fuid«* 

(c)  ftoih  borironiil  and  v*rtic*l  align m*  it  guidtf 

(d)  Anchor  potei 


FIG.  II. — Chamber  with  sectioning  valves 

(l 8/8)  steel.  In  soil  where  sea  water  or  other  salt  water 
may  enter  the  duct  the  use  of  expansion  joints  made  of 
acid- resisting  material  must  seriously  be  considered. 

- Lateral  expansion  joints  allow  a bit  compensation 
capacity  and  can  thus  be  used  in  long  straight  mains 
without  branch  pipelines.  When  this  type  of  expansion 
joint  is  used  the  anchor  forces  arc  very  small. 

Sectioning 

A typical  sectioning  point  of  underground  pipelines  can 
be  seen  in  Fig.  ii.  Butterfly  valves  have  lately  been  used 
instead  of  lubricated  plug  valves  as  sectioning  valves  for 
the  biggest  pipe  sizes.  Lubricated  plug  valves  are  still  used 
as  stop  valves  for  200  mm  or  smaller  pipes.  Valves  with 
flanges  or  valves  pressed  between  flanges  are  used  almost 
exclusively  in  Finland. 

Vents  and  drains  of  the  line 

Facilities  for  air  release  must  be  arranged  at  the  highest 
points  and  facilities  for  emptying  at  the  lowest  points  of 
underground  pipelines.  A venting  chamber  can  be  seen  in 
Fig.  12  and.an  emptying  chamber  in  Fig.  13.  If  the  water 
amount  to  be  drained  is  small  no  drain  is  necessary  and  if 
the  air  amount  to  be;rcleased  is  small  it  is  not  worth  buil- 
ding vents  because  there  is  always  a risk  of  corrosion  with 
manholes.  On  the  other  hand  small  air  amounts  do  not 
cause  much  harm  as  the  air  dissolves  in  circulating  water, 
whose  hydrazine  content  eliminates  the  oxygen.  . 

In  Helsinki  the  emptying  pipes  for  pipe  sizes  200  . . . 300 
mm  arc  of  pipe  size  50  mm  and  those  for  356 . . . 600  mm 
are  80  mm. 

Heat  insulation 

Earlier  aerated  concrete  was  almost  the  only  heat  insulation 
material  for  pipelines.  Its  thermal  conductivity  is  not  very 
good,  only  about  0 08  W/m*  °G.  The  aerated  concrete  in- 
sulation was  cast  on  the  spot  through,holes  in  the  pre- 
fabricated ducts.  The  pipes  could  not  be  heated  during 
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or 


FIG.  12.— Venting  chamber 

insulation.  In  dry  state  this  material  has  a density  of 
300  ± 25  kg/m»  and  a compressive  strength  of  3 kp/cm*. 
Nowadays  formed  mats  of  mineral  wool  are  used  as  heat 
insulation  in  duct  pipelines.  The  thermal  conductivity 
of  mineral  wool  is  0-04  \V/mJ  °C.  Thus  the  dimensions 
of  the  ducts  are  smaller  and  me  building  costs  are  re- 
duced. 

The  thicknesses  of  mineral  wool  insulations  in  under- 
ground pipelines  at  present  used  in  Helsinki  are  as  follows: 

pipe  size  insulau'on  thickness 

outgoing  pipe  return  pipe 

700.. .  500  mm  60  mm  40  mm 

400.. .  300  „ 50  „ 30  „ 

250.. .  150  „ 40  „ 30  „ 

The  insulau'on  thicknesses  naturally  depend  on  the  price 
of  heat  and  on  the  construction  costs  of  the  pipeline. 
Calculations  of  optimum  insulation  thicknesses  in  Hel- 
sinki have  shown  that  the  insulau'on  could  have  been 
omitted  in  the  return  pipe.  Other  factors,  such  as  traffic 
inconvenience  due  to  melting  snow  and  the  condensation 
phenomenon  in  inner  surfaces  of  the  duct  call  for  insula- 
tion of  the  return  pipe. 

Polyurethane  foam  used  in  jackets  provides  even  better 
insulation.  Its  thermal  conductivity  is  about  0-02  W/m’  °C, 
and  it  is  relatively  water  and  gas  proof. 

In  Helsinki  pipelines  in  buildings  arc  insulated  as  follows: 

- Formed  mat  of  mineral  wool; 

- t layer  of  heavy  building  paper  firmly  glued  at  the  seams; 

- 1 layer  of  canvas  firmly  glued  at  the  scams;  and 

- 1 coat  of  washable  paint. 

The  insulation  thicknesses  used  in  pipelines  in  buildings 
arc  in  Helsinki  as  follows: 

pipe  size  mm  25  40  50  65  80  too  125  150...250 
insulation 

thickness  mm  20  30  30  40  40  50  60  60 

Duct  draining 

It  has  been  stated  earlier  that  the  duct  must  be  built  with  a 
sufficient  descent  in  a certain  direction  and  an  inspection 
and  pumping  point  for  leak  water  must  be.prcvided  at  the 
lowest  point.  The  drainage  point  of  a duct  can  be  seen  in 
Fig.  14. 

Ducts. insulated  with  aerated  concrete  should  have  holes 
for  internal  drainage  so  that  any  water  can  run  to  the 
pumping  points.  The  drains  are  made  of  straw  ropes  or  by 
drawing  a steel  ball  through  the  insulation,  but  the  results 
are  not  always  satisfactory. 


In  duus  wuh  mineral  wool  insulation  the  leak  water  can 
flow  almost  frcciyin  water  channels  on  the  duct  base. 

In  jacket  pipelines  leak  water  can  flow  inside  the  glass 
fibre  pipes. 

The  drainage  points  must  be  inspected  at  regular  inter- 
vals. If  a lot  of  water  continuously  gets  into  the  chamber 
this  must  be  furnished  widi  anautomatic  emptying  pump 
and  connected  to  the  sewers. 

Ventilation  of  ducts 

The  principle  and  installation  of  due;  ventilation  can  be 
seen  in  Fig.  15.  The  principle  is  that  ventilation  pipes 
must  be  installed:at  the  lowest  and  highest  points  of  every 
duct.  In  a duct  insulated  with  mineral  wool  ventilation  is 
quite  effective,  but  i.i  ducts  insulated  with  aerated  con- 
crete it  is  difficult  to  arrange.  The  ventilation  holes  in 
aerated  concrete  have  been  made  by  duct-tube  or  ball 
drawing  method. 

It  is  necessary  to  ventilate  ducts  in  order  to  dry  out  in- 
sulations. The  insulations  in  ducts  should  never  be 
enveloped  in  air-proof  materials. 

CONSTRUCTION 
Contractor  system 

District  heating  pipelines  in  Helsinki  are  built  by  private 
contractors.  Most  of  the  materials  required  are,  however; 
bought  direct  by  the  Electricity  Works,  i.e.  pipes,  elbows, 
flanges,  stop  valves,  expansion  joints,  prefabricated  ducts, 
prefabricated  jackets  etc. 

Form  of  contract 

Unit  prices  are  used  for  all  jobs.  One  reason  is  that  the 
need  to  quarry  solid  rock  varies  and  information  on  other 
pipelines  and  cables  in  the  streets  is  not  accurate.  Many 
changes  must  thus  be  made  in  plans  while  the  work  is  in 
progress. 

Scheduling  the  works 

The  schedule  is  divided  up  into  eight  phases  as  follows: 

- street  work,  1st  phase:  excavation,  quarrying,  levelling 
and  covering  the  ground  with  macadam; 

- installation  oflower  prefabricated  duct  parts; 

- street  work,  1st  phase:  concrete  casting; 


Fig.  13  .—Emptying  chamber 


- pipelaying,  including  pressure  test; 

- insulation; 

- installs tion  of upper  prefabricated  duct  parts; 

- street  work,  2nd  phase:  concrete  casting  and  filling  of 
the  ditch; 

- finishing,  paving  and  asphalting. 

The  phases  follow  each  other  at  intervals  of  one  week, 
with  the  exception  that  there  is  an  interval  of  t -5  weeks 
between  the  street  work,  ist;phase,  concrete  casting  and 
pipe  laying,  insulation  follows  pipe  laying  after  2 -5  weeks 
(pressure  test  interval)  and  the  installation  of  upper  pre- 
fabricated duct  parts  follows  half  a week  after  insulation. 
The  working  speed  of  excavation  and  quarrying  is  critical 
and  varies  from 40  m/week  to  even  too  m/week,  depending 
on  pipe  size's,  soil  etc. 

Work  supervision 

The  supervision  of  building  and  laying  prefabricated  ducts 
must  concentrate  on  quality  control  and  especially  on  "he 
joints  of  various  duct  constructions,  the  sealing  of  ducts 
and  all  points  where  working  conditions  are  difficult.  The 
surveillance  of  work  done  in  winter  must  be  very  efficient. 
The  control  of  building  takes  the  form  of  random  samples 
but  it  should  always  be  so  arranged  that  it  can  te  changed 
oh  the  basis  of  experience,  working  time  and  place  in 
order  to  eliminate  working  errors  as  far  as  possible.  Mass 
calculations  in  unit  price  contracts  greatly  increases  the 
work  of  supervisors  but  in  view  of  the  importance  of 
control  for  the  working  life  of  the  pipelines  it  cannot  be 
neglected. 

Supervision  of  pipe  work  has  always  been  careful  enough 
in  Helsinki.  There  are  special  welding  tests  for  welders 
and  their  work  is  checked  by  taking  X-ray  photos.  All 
welding  seams  must  be  in  at  least  class  4 according  to  II W 
(when  class  5 is  best).  Finally  a cold  water  pressure  test 
is  made  on  pipes  in  which  the  pipes  are  hammered  from 
seam  to  scam. 

For  the  work  to  proceed  the  planner  must  participate  in 
surveillance  of  the  work.  Information  on  changes  in  plans, 
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Fig.  15. — Ventilation  of  ducts 

which  often  occurs  in  Helsinki,  can  thus  reach  the  work 
site  quickly. 

Construction  costs 

The  average  construction  costs  for  underground  pipelines 
including  sectioning  points  in  the  centre  of  Helsinki 
in  1968  can  be  seen  in  Fig.  16.  The  corresponding  in- 
formation on  the  suburbs  is  given  in  Fig.  17.  General 
expenses  also  include  removal  of  otlier  lines  and  cables. 
The  corresponding  construction  costs  for  pipelines  in 
buildings  can  be  seen  in  Fig.  18. 

OPERATIONAL  EXPERIENCE 
A card  has  been  filled  in  for  every  duct  opening  caused  by 
construction  work  in  Helsinki  since  1966.  This  card  gives 
information  on  the  condition  of  pipes,  insulations,  drain- 
age, ventilation  etc.  The  cards  already  number  about  120. 
On  the  basis  of  the  material  collected  the  condition  of  the 
networks  can  be  considered  good.  Small  working  errors 


| (KMTKX.CCxCXTl 
rXJjMt.fckV'MO  CTC 


j mwofTO  cucn 


• PUM0114 
UwvtrUAMCC 
Uhtui.  CMR 


0 — :rr 

I'M  1 I 

34 


IncratMOlTTO  wn. 


PIPE  S*2£  nv7i 
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FIG.  16. — Average  construction  costs  of  underground  pipelines  in 
HitsirM  city  centre  in  the  year  1068 
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FIO.  17. — Average  construction  com  of  underground  pipelines  in 
eastern  suburbs  of  Helsinki  tn  the  year  1968 

have  been  noted  in  about  10  rises,  most  of  them  in  straw 
rope  drains  and  duct  joints. 

Special  attention  must  be  paid  to  the  control  of  building, 
because  this  work  is  most  important  for  corrosion.  On  the 
other  hand,  solutions  and  constructions  *n  which  the 
surveillance  of  work  or  working  results  is  difficult  or 
even  impossible  should  be  omitted  in  planning.  Finally, 
special  attention  should  be  called  to  the  fact  that  the 
working  life  of  pipelines  also  depends  essentially  on 
maintenance. 

APPENDIX  I 

TECHICAL  DEMANDS  OF  TUBES  USED  IN 
DISTRICT  HEATING  PIPELINES 
l . Welded  Steel  Tubes 

1. 1.  tiimensions:  DIN  2458 


nominal  pipesize 

outer  diameter 

wall  thickn 

mm 

mm 

700 

71 1-2 

8-8 

-*  4 

fc 

600 

609-6 

7-1 

500 

508-0 

6:3 

£ 

400 

406-4 

6-3 

350 

355-6 

5-6 

300 

323-9 

5-6 

250 

273-0 

5-0 

200 

219*1 

45 

150 

1683 

4-0 

1.2.  Material: 

St  37-2,  DIN  17100/66 

1.3.  Other  technical  terms  of  delivery:. 

DIN  1626/65,  sheet  3 

1.4.  Receipt 

DIN  50049/60,  point  2 

7.5.  Welding  seam: 

— The  seam  car.  beeitherlcngitudinally  or  spirally  welded 
— In  the  event  of  spirally  welded  tubes  the  weld  must  be 
too  per  cent  X-rayed 

— The  welding  seams  must  meet  at  least  the  X-ray  classi- 
fication 4 according  to  1IW 

— The  external  welding  bead  should  not  exceed  20  per 
cent  of  the  wall  thickness  of  tube 

1.6.  Length 
I0-I4m 
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FIG.  18. — Axerage  construction  costs  of  pipelines 
Helsinki  in  the  year  x 968 
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1.7.  Ends  of  tubes 

Calibrated  and  bevelled  according  to  DIN  2559/62,  form  2 

7.S.  Straightness  of  lubes 
Straightness  tolerance  1 5 mm/10  m 

7.9.  Pressure  test 

Every  tube  must  be  hydraulically  tested  to  at  least  25 
kp/cm'  cold  water  at  the  factory 

7.70.  Surface  treatment 

Outer  surface  treatment  of  tubes  must  be  done  at  the 
factory  after  fabrication  with  such  rust  preventer  which 
protects  the  tubes  in  transit  and  during  a short  stocking  at 
the  customer 


2.  Seamless  Steel  Tubes 

2.7.  Dimensions 
DIN  2448/61 

nominal  pipesize  outer  diameter 
mm 

130  1683 

125  139-7 

100  114-3 

80  889 

65  76-1 

50  60-3 

40  48-3 

32  42-4 

25  33-7 

20  26-9 

15  2Z-3 


wall  thickness 
mm 

45 

4-0 

3-6 

3'2 

2-9 

2:9 

2-6 

2-6 

2-6 

2- 3 

3- 2 


2.2.  Material 

St  35 

2.3.  Other  technical  terms  of  delivery: 

DIN  1629/61,  sheet  3 

2.4.  Receipt; 

DIN  50049/60,  point  2 

2.5.  Length: 

6-lzm 

2.6.  Ends  of  tubes: 

— nominal  pipesize  mm  150.  calibrated  and  bevelled 
according  to  DIN  2559/62  form  2 
— nominal  pipesize  mm  1 25 ...  1 5 straight,  smooth 
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2.7.  Pressure  test: 

Every  tube  must  be  hydraulically  tested  to  at  least  25 
kp/cm*  cold  water  at  the  factory 

2.8.  Surface  treatment: 

Outer  surface  treatment  of  tubes  must  be  done  at  the 
factory  after  fabrication  with  such  rust  preventer  which 
protects  the  tubes  in  transit  and  during  a short  stocking 
at  the  customer 

SUPPLEMENTARY  EXPLANATION ’kTO 
TECHNICAL  DEMANDS  OF  TUBES  USED  IN 
DISTRICT  HEATING  PIPELINES 


c 


1.  Welded  Steel  Tubes 

1.1.  Dimensions: 

As  to  nominal  pipesizes  700  and  600  the  committee  sug- 
gests 8-8  and  7-1  mm  wall  thicknesses  instead  of  7-1  and 
6-3  mm  because  in  practice  it  has  proved  to  be  so  that  the 
first  mentioned -thicknesses  do  not  guarantee -the  cross- 
section  of  tubes  to  be  round  in  transit  and  in  stock. 

The  dimensions  of  tubes  correspond  to  the  norm  ISO  R 
64. 

2.2.  Material: 

So  far  steel  St  37-2:  or  St  34-2  fabricated  by  Siemens- 
Martin  method  has  been  selected  by  members  to  be  tube 
material.  The  committee  thinks  that  both  steel  qualities 
are  almost  equally  good  m district  heating  pipelincs-when 
welding  and  other  characteristics  have  been  taken  into 
consideration.  On  the  market  there  is  as  tube  material  also 
steel  fabricated  with  modem  special  methods.  These 
materials  fit  for  use,  too. 

The  most  important  thing  in  selecting  tube  material  is  that 
the  steel  meets  the  demands  of  the  selected  norm  (DIN 
1 7 1 00/66)  and  not  the  fabrication  method . 


I.  4.  Receipt: 

The  supplier  must  present  a certificate  of  the  factory  of 
the  receipt  of  every  lot  according  to  the  norm  DIN 
50049/2.  The  manufacturer  pays  the  costs  caused  by  the 
receipt. 

r.j.  Welding  seam: 

Longitudinally  and  spirally  welded  seams  arc  equally  good. 

J. IO  Surface  treatment: 

The  examinations  have  proved  that  the  thickness  of  pro- 
tection film  of  usual  rust  preventers  such  as  Inferhigol, 
Tectyl  506,  Shell  Ensis  Fluid  260  etc.  should  be  at  least 
0-05...  o-io  mm. 

2.  Seamless  Steel  Tubes 
General: 

Seamless  steel  tubes  can  be  replaced  by  high  frequency 
welded  steel  tubes  which  as  to  material  and  other  technical 
characteristics  meet  the  above  mentioned  demands. 

2.2.  Material: 

In  pipelines  placed  in  cellars,  tunnels  and  other  rooms 
inside  buildings  tube  material  can  be  of  normal  com- 
mercial quality  (St  00). 


2.5.  Length: 

Demands  of  length  and  length  tolerances  of  tubes  can 
essentially  influence  the  price  of  tubes. 


APPENDIX  n. 

TECHNICAL  DEMANDS  OF  ELBOWS  AND 
FLANGES  USED  IN  DISTRICT  HEATING  PIPE- 
LINES 

I.  Steel  Welding  Elbows 


1. z.  Dimensions: 

Dimensions  corresponding  to  welded  steel  tubes  (DIN; 
2458/61),  nominal  pipesizes  700 . . . 200. 


nominal  plpetize 

outer  diameter 

wall  thickness 

mm 

mm 

700 

711-2 

8-8 

600 

6096 

7-t 

JOO 

J08-0 

6-3 

400 

4064 

6-3 

350 

355-6 

5-6 

300 

323'9 

S-6 

2J0 

273-0 

S'® 

200 

219-1 

45 

150 

X68-3 

45 

125 

139-7 

4-0 

too 

II4-3 

37 

80 

88-9 

3*2 

65 

76-1 

2-9 

50 

60-3 

2-9 

40 

48-3 

2-6 

32 

42-4 

2-6 

25 

337 

2-6 

20 

269 

2-3 

The  radius  of  curvature  must  be  about  1*5  X inner 
diameter  of  the  elbow. 

The  elbows  are  of  90  degrees. 

X.2.  Fabrication  method  and  material: 

A.  Seamless  elbows  arc  made  of  material  St  35 

B.  Longitudinally  welded  elbows  made  of  pressed  parts 
are  of  material  37-2  (DIN  17 100/66) 

The  welding  seams  of  welded  elbows  must  meet  at  least 
the  X-ray  classification  4 according  to  IIW. 

1.3.  Technical  terms  of  delivery: 

DIN  1629/61,  sheet  3 

1.4.  Receipt: 

DIN  50049/60,  point  2 

i .5.  Ends  of  elbows: 

—nominal  pipesizes  700  ...  150:  calibrated  and  bevelled 
according  to  DIN  2559/62  form  2 
— nominal  pipesizes  125...  20:  straight,  smooth 

1. 6.  Pressure  test: 

The  elbows  must  be  hydraulically  tested  to  at  least  25 
kp/cm1  cold  water 

j.7.  Surface  treatment: 

Outer  surface  treatment  of  elbows  must  be  done  at  the 
factory  after  fabrication  with  such  rust  preventer  which 
protects  the  tubes  in  transit  and  during  a short  stocking 
at  the  customer. 


2.  Steel  Welding  Neck  Flanges 
2.  J.  Dimensions: 

Nominal  pressure  10  DIN  2632,  nominal  pressure  16 
DIN  2633. 


nominal  pipesize 

outer  diameter 

wall  thickness 

of  neck 

of  neck 

mm 

mm 

700 

7II-2 

8-8 

600 

609-6 

7-i 

500 

508-0 

6-3 

400 

406-4 

6-3 

350 

355-6 

5-6 

300 

323-9 

5-6 

250 

273-0 

50 

200 

2i9-r 

4-5 

150 

168-3 

4*5 

125 

1397 

40 

too 

1 14-3 

3-6 

So 

88-9 

3-2 

65 

76-1 

2*9 

So 

60-3 

2-9 

40 

48-3 

2-6 

32 

42-4 

2-6 

25 

337 

2-6 

20 

26-9 

2-3 

15 

21-3 

2-0 

fr 

- 


90 
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A*  to  nominal  pipesizes  700  . . . 200  the  wall  thicknesses  2.5.  Drilling  of flanges : 

depart  from  the  norms  DIN  2632  and  DIN  2633.  Bolt  holes: 

- , Material  • —nominal  pressure  to  according  to  DIN  2632 

St  37-2,  DIN  17100/66  —nominal  pressure  ;6  according  to  DIN  2633 


1. 3.  Receipt: 

DIN  50049/60,  point  2 

3.4.  Welding  ends  of  flanges: 

— nominal  pipcsize  700 ...  1 50  DIN  2559/62,  form  2 
— nominal  pipesize  *25 ...  15DIN  2559/62, form  t 


6.  Surface  treatment: 

Outer  aurface  treatment  of  flanges  must:  be  done  at  the 
factory  after  fabrication  with  such  rust  preventer  which 
protects  the ’tubes:  in  transit  and  during  a short*  stocking 
at  the  customer. 


Revisions  for  1974 


Underground;  district heating  construction 
in  nev  areas  of  Helsinki,  1974. 

1.  Excavation,  -etc. 

2.  Prefabricated  ducts 

3.  Steel  pipes 

4.  Beat  insulation 

5.  Planning,  supervision,  general  costs 
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Figure  7 (revised) 
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Figure  8 (revised) 


Figure  9 (revised) 
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Figure  17  (revised) 


Figure  3 (deleted) 
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Fiskars  insulating  culvert  is  an 
excellent  solution  for  insulating  and 
supporting  underground  heat 
piping.  It  is  suitable  not  only  for 
district  heating  pipelines  and  hot- 
waterpipes,  but  also  for  industry 
pipelines,  such  as  oil  pipes.  These 
Fiskars  elements  can  also  be  used 
for  cooling  pipes;  in  that  case, 
however,  the  condensationmustbe 
considered. 

Fiskars  insulating  culvert  is  a 
’ready-made’  duct  construction. 
There  is  no  need  for  concrete 
channels  nor  for  separate  pipe 
clamps,  not  even  below  streets.  The 
culvert  elements  are  simply  fitted  on, 
as  the  pipe  weldingproceeds.  Then 
after  a pressure  test  the  shrink 
sleeves  are  pushed  over  the  joints 
and  shrunk  on  by  heating.  The 
( Ivert  is  covered  with  0,5  m of  soil, 
and  the  duct  is  ready. 


Fiskars  culvert  elements  form  a 
water-tight  system,  where  the  pipe 
can  expand  freely  in  the  internal 
duct  of  the  culvert.  These  internal 
ducts  form  a mechanical  protection 
for  the  heat  insulation  and  allow 
moisture  to  evaporate.  Thus,  the 
space  around  the  pipes  guarantees 
ventilation,  keeps  the  pipes  dry  and 
prevents  corroding. 

Fiskars  culvert  elements  are  light 
and  therefore  easy  to  handle.  The 
elements  are  easily  cut,  bends  fitted, 
etc.,  as  the  culvert  can  be  sawn  with 
a normal  hand  saw. 

Fiskars  will  be  glad  to  furnish  you  with 
detailed  instructions  for  installation 
including  thorough  descriptions  of 
every  phase  of  the  work. 


NOTE! 


Fiskars  insulation  culverts  are  always  supplied 
without  the  steel  pipes;  in  this  respect  they  differ 
from  most  competitive  systems. 


CONSTRUCTION 


■ External  covering : HD-polythene,  black,  thickness  2,5-5  mm 
depending  on  culvert  dimensions. 


■Heat  insulation: 


■Pipe  ducts: 


Hard  polyurethan  foam  of  special 
composition  with  a softening  point  of 
> 1709C,  weight  by  volurne.ca  80  kg/m3, 
primary  heat  conducting  figure 
*:20°  = 0,018  kcal/m  %h  ■ °C . In  practice, 
however,  it  must  be  noted  that  as  the  foam 
grows  older  its  >-va!ue  at  an  average 
temperature  in  the  insulating  layer  (i.e. 
about  55°C)  = 0,026  kcal/m  ■ h • 0 C.  The 
heat  insulation  consists  up  to  about  95  % 
of  closed  cells  and  does  not,  therefore; 
mechanically  absorb  water.ilts  hygroscopic 
moisture  also  is  very  low  (about  3 
weighi-%,  i.e.  0,2  volume-%). 

Glass  fibre  reinforced  polyester  plastic 
for  high  temperatures.  Thickness  1,5-4  mm 
according  to  dimensions. 
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Single  culvert 


Size 
(No.)  IS) 

Pipe 

O.D,  max. 

Oimons.  of  culvert 

d 

0 

Weight 

kg/m 

1 X150 

163,3 

183 

280 

9,2 

1 X200 

219,1 

254 

355 

13,2 

1 X250 

273,0 

303 

410 

14,8 

Standard  length  10,5  m 


Double  culvert 


Size 

(No.) 

Pipe 

O.D.  max. 

Dimens.-  ol  culvert 

d 

c 

A 

B 

Weight 

kg/m 

2X  40 

48,3 

SO 

83 

215 

132 

4.0 

2 X 50 

60,3 

70 

100 

247 

147 

4.8 

2X  65 

76,1 

85 

115 

282 

167 

6.4 

2X  80 

88,9 

103 

130 

317 

187 

8,1 

2X100 

114,3 

131 

160 

390 

230 

12,0 

2X125 

139,7 

155 

195 

450 

255 

14,6 

2X150 

168,3 

183 

227 

515 

288 

17,5 

2X200 

219,1 

239 

284 

629 

345 

23.4 

Standard  length  10,5  m 


4-pipe  culvert 


Size 

(No.) 

Pipe 

O.D.  ma>. 

Cu 
pipe 
max.  d 

Dimens,  of  culvert  S 

d| 

dj 

da 

C| 

C} 

n 'Weight' 
kg  m j 

2X  50/40/32 

60,3 

47/33 

70 

60 

48 

107 

125 

240  • 6 9 : 

2X  65/50/40 

76,1 

59/47 

85 

70 

60 

122 

143 

270  8.8 

2X  80/65/50 

88,9 

76/59 

103 

85 

70 

157 

181 

332  12.6  , 

2X100/65/50 

114,3 

76/59 

131 

85 

70 

167 

223 

379  16.4 

* 

Standard  length  10,5  m 


')  Manufactured  to  order  only. 

’)  Manufactured  to  order  only,  length  5,25  m 


Shrink  sleeves 

For  each  culvert  size  there  is  a suitable  shrink  sleeve  in  such  a size 
that  it  can  be  easily  pushed  over  the  culvert  joint.  It  is  shrunk 
on  by  heating  and  covered  with  a bitumen  strap  to  give 
a tight  joint. 

o>. 
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Culvert  channels 


H : 


AI!  single  and  double  culverts  are  also  deliveredirr  pieces 
of  2 m long  halves  (in  pairs).  Theseare  used  if  the  ends  of  the 
culverts  at  pipe  joinings  cannot  be  pushed  together,  or  if  for  some 
reason  an  opehing  between  the  ends  is  desirable.  The  space  is  then 
filled  with  culvert  channels  cut  into  fitting  lengths. 


Conical  culvert  elements 

Double  culverts  are  also  supplied  as  5 rn  long  conical  elements. 
When  mounted  in  90°  bends  they  allow  for  a 60  mm  heat 
expansions  the  steel  pipes,  whatever  the  end  dimension  in  one  end. 


Special  culvert  channels 

For  alhsingle  and  double  culverts  there  are  special  channels  with 
glass  fibre  surface  for  bellow  compensators.  They  are  2 m long, 
their  inner  diameter  being  the  same  as  the  outer  diameter  of 
the  standard  culvert. 


Hard  foam  wells 

Hard  foam  wells  can  be  foamed  on  the  site  and  made  into  tight 
wells  for  bends  and  branches.  They  are  delivered  complete  in 
four  sizes. 


Size 

D 

H 

1 

500 

330 

2 

600 

400 

3 

800 

550 

4 

1000 

750 

Sealing  straps 

For  shrink  sleeves  andiwall  lead-throughs  there  is  a special 
dimensioned  PIB-strap,  5X20  mm,  delivered  in  rolls  of  2X9  m. 
For  sealing  bends  and  anchor  points  we  recommend  a 
rubber-bitumen  strap  is  rolls  oMO  m,  width  100  mm. 


Appendix  5.1.3.: 


Aquawarm  preinsulated  district  heating  pipe  (from 
manufacturer' s brochure  by  Teplo  International  ABS 
Sweden) . 

Aqua  warm  copper  district  heating  pipe. 

Aquav/orm  is  district  he-dting  piping  mode  of  cop- 
per/The  tube  is  insuloted  with  glass  wool  and  the 
sheathing  is  made  of  HO  polyethylene.  The  ma- 
terials are  corrosion-res'-  'ant  and  non-ageing 
throughout. 


Corrosion-resistant  district  heating  systems. 


Coppw  iub«r>9 


BOpolyelMw* 


Gbu  wool  Jradotioo 


Copper  is  a noble  metal.  It  has  excellent  corrosion 
resistance,  and  if  a copper  tube  is  to  corrode  at  all, 
the  water  flowing  in  it  must  contain  free  oxygen.  In 
a closed -circuit  heat  distribution  system,  the  water 
is  deaerated,  and  copper  tube  is  therefore  not* 

exposed  to  any  risk  of  corrosion. 

Flow  velocities  of  up  to  1 0 m/s  {33  ft/s)  are  per- 
missible without  risk  of  damage  to  the  tube.  In  the 
cose  of  domestic  hot  water  pipes  carrying  aerated 
water,  the  limits  specified  by  the  nomogram  on 
page  11  should  not  be  exceeded. 

The  glass  wool  insulation  around  the  copper 
tubing  can  withstand  temperatures  of  up  to  400?C 
(750#),  and  the  material  is  non-ageing  os  well  os 
water-repellent.  The  glass  wool  is  compressed  to  a 


density  which  provides  the  best  possible  insulating 
characteristics  at  the  relevant  temperatures.  (At 
50°C,  for  instance,  die  coefficient  of  heot  trans- 
mission is  0.03  W/  m’C) 

The  sheathing  is  made  of  HD  polyethylene,  of 

the  same  grade  as  thot  used  for  pressurised  water 

pipes.  HD  polyethylene  is  a corrosion-resistant 
material  which  has  an  almost  indefinite  life  in  the 
ground.  _ 

Th.end  seal  prevents  water  from  seeping 
through  to  adjacent  pipe  sections  if  the  sheathing  of 
one  section  should  be  punctured.  And  groundwater 
coming  into  contact  with  the  copper  tube  is  not 
particularly  serious.  Copper  is  not  attacked  by 
humic  odes  or  chloride  ions  from  the  salt  used  for 
deoring  r-.-  sw  off  roadways. 


Built-in 


A run  of  Aquawarm  should  always  be  laid  in  a, 
roughly  jlnusoido!  pattern.  When  the  temperature 
of  the  copper  tube  increases,  the  tube  will  expand 


and  the  amplitude  of  the  curve  (height  of  arc)  will 
inaease.  The  insulation  will  be  compressed  at  me 
outer  radius,  whereas  the  plastic  sheathing  will  re- 
main stationary  in  the  ground. ‘Hie  actual  amount 
of  movement  is  very  little,  since  H is  uniformly  dis- 
tributed onto  all  of  the  ores.  .At  the  usual  temperature 
changes  occurring  in  the  primary  distribution  net- 
work of  a district  heating  system,  the  movement  is  no 
more  than  about  5 mm. 
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6.  Long  distance  heat  transmission. 

Discussions  of  long  distance  heat  transmission  and  advanced  planning 
concepts  were  discussed  with  personnel  of  the  Studsvik  Research  Center 
in  Sweden  as  well  as  with  the  Swedish  district  heating  agencies  listed 
in  the  preceding  chapter.. 

As  district  heating  systems  grow,  larger  hase  load  plants  and 
bigger  and  longer  main  transmission  lines  are  built.  When  nuclear  heat 
and  power  plants  are  planned,  their  location  is  usually  intended  to  be 
remote  from  urban  centers  and  their  district  heating  networks.  Thus, 
long  distance  heat  transmission  becomes  a major  planning  factor. 

The  connected  heating  load  in  Stockholm  approaches  1000  MW(th) 

(3^lU  million  BTU/hr),  and  is  expected  to  reach  2000  MW(th)  in  the  1980's. 
The  current  load  in  greater  Stockholm  is  near  1800  MW(th)  and  is  growing 
faster  in  the  surrounding  communities.  In  Malmoe  the  connected  heating 
load  is  also  approaching  1000  MW(th)  and  is  expected  to  reach  2000  MW(th) 
in  1990.  A typical  large  nuclear  plant  produces  about  3000  MW(th)  which 
is  converted  into  about  1000  MW  electricity  and  2000  MW  waste  heat.  When 
operated  as  a heat  and  power  plant,  it  produces  about  700  MW  electricity 
and  2300  MW  district  heat. 

Heat  transmission  is  feasible  over  greater  distances  as  the  amount 
of  transmitted  energy  increases,  just  as  with  electrical  transmission. 
Studies  at  the  Studsvik  Research  Center  in  Sweden  show  that  distances  of 
60  miles  and  greater  are  feasible  for  heat  transmission  of  1000  to  2000 
MW(th)  from  a nuclear  plant,  compared  with  the  cost  of  district  heat 
from  local  oil-fired  heating  plants. 
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The  technology  for  long-distance  transmission  of  district  heat  is 
first  of  all  an  extension  of  present  technology,  but  some  new  develop- 
ments are  promising  improved  economic  feasibility,  thus  extending  the 
practical  transmission  distance.  Some  advanced  concepts  will  undoubtedly 
be  applied  within  the  next  few  years  as  longer  transmission  lines  are 
being  built. 

6.1.1  Culvert  and  trench  systems  - Large  diameter  pipes  in  con- 
crete culverts  are  an  extension  of  current  practice  as  described  in 
Chapter  5.1.  The  largest  steel  pipe  diameters  that  are  expected  to  be 
available  in  Sweden  in  the  foreseeable  future  are  1500  or  l600  mm  (about 
59  or  63  inches).  This  size  is  suitable  for  the  transmission  of  about 
2000  MW(th)  at  water  temperatures  of  l65/65°C.  Culverts,  as  shown  in 
Figure  6. 1.1.1,  are  a large  version  of  those  shown  in  Figure  5.1.3  and 
5.1. ^ and  are  currently  used  for  pipe  diameters  up  to  800  mm  (about  32 
inches ) . 

Three  alternatives  are  being  evaluated  for  the  transmission  line 
from  the  BarsebSck  nuclear  plant  to  the  cities  of  Malmoe  and  Lund  (Fig. 

6. 1.1. 2 and  6. 1.1. 3).  The  "conventional"  buried  culvert  is  more  ex- 
pensive than  the  other  alternatives.  The  open  trench  alternative  is 
not  the  least  expensive  possibility  but  it  is  probably  the  most  desirable 
choice,  since  the  pipe  will  be  hardly  noticeable  from  the  nearby  highway. 
The  pipe  diameter  is  1200  mm  (about  U7  inches)  and  the  planned  trans- 
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mission  capacity  is  950  MW. 


The  open  trench  design  has  a noticeable  similarity  to  an  oil  pipe- 
line, particularly  to  the  insulated  Trans-Alaska  oil  pipeline.  Obviously 
the  construction  technology  is  the  same  for  both  o:!i  and  hot  water  lines. 

6.1.2  Rock  tunnels  - The  geology  of  the  Stockholm  area  is  favorable 

for  the  excavation  of  rock  tunnels  for  heat  transmission  lines,  and  the 

construction  technology  for  rock  tunneling  has  been  developed  to  a 

high  level  in  Sweden.  There  are  now  about  20  km  (12  miles.)  of  rock 

tunnels  excavated,  in  Stockholm  with  pipelines  installed.  Tunnel  cross 

2 2 

sections  vary  between  12  and  20  m (about  130  and  220  ft  ) . The  largest 
pipe  sizes  used  are  1000  mm  (about  39  in).  Figure  6. 1.2.1  shows  a view 
of  such  a tunnel.  The  planned  inter-municipal  distribution  network  for 
the  greater  Stockholm  region  comprises  about  75  km  ( miles?)  of  trans- 
mission  pipes  up  to  1600  mm  (63  in.)  in  diameter  in  rock  tunnels.  Figure 
6. 1.2. 2 illustrates  the  planned  systems. 

South  of  Stockholm,  the  small  nuclear  heat  and  power  plant  of 
Agesta,  in  operation  since  1964,  is  built  underground  in  rock.  The 
planned  large  reactor  station  indicated  in  Figure  6. 1.2. 2 will  also  be 
placed  in  rock  and  the  transmission  pipeline  will  be  in  a rock  tunnel. 
This  is  considered  desirable  and  feasible  in  Sweden. 

The  advantages  of  rock  tunnels  are  that  they  do  not  interfere  with 
existing  utility  lines  and  they  can  be  excavated  under  the  city  without 
blocking  streets.  They  can  be  routed  in  straight  lines  and  they  allow 
ready  accessibility  for  inspection  and  maintenance  of  the  pipes. 
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6.2  Advanced  concepts. 

In  the  planning  of  large  capacity,  long  distance  heat  transmission 
systems,  new  concepts  for  more  economical  solutions  are  being  advanced 
and:  some  are  being  tested  in  Sweden.  Much  of  this  work  is  being  done  at 
the  Studsvik  Research  Center. 

6.2.1  Directly  buried  pipes  - In  this  concept  the  large  water 
transport  pipes  are  placed  in  a ditch  without  culvert.  The  pipes  are 
insulated  and  surrounded  by  a well  draining  fill.  Drain  tiles  at  the 
bottom  of  the  ditch  prevent  water  accumulation.  Figure  $.2.1.1  il- 
lustrates the  concept. 

Alternate  pipe  materials  to  replace  steel  are  also  being  investi- 
gated. Reinforced  (prestressed}  concrete  with  a plastic,  corrosion 
protecting  lining  shows  promise.  Fiber  reinforced  plastics  are  also 
being  considered.  Both  concepus  promise  long  service  life  due  to  their 
corrosion  resistance. 

6.2.2  Water  filled  tunnel  - Tests  have  been  started  to  evaluate 
the  possibility  of  using  a rock  tunnel  as  the  water  carrying  conduit, 

With  the  large  diameter  of  a tunnel,  the  insulation  requirements  diminish, 
because  the  relative  heat  losses  become  small.  Sealing  the  tunnel  walls 
against  leakage  may  be  necessary. 

A potential,  problem  connected  with  the  transport  of  hot  water  in  a 
rock  tunnel  was  observed  in  a test  by  USACRREL  in  1968.  Thermal  stresses 
in  the  tunnel  walls  may  cause  spalling  and  progressive  collapse.  This 
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problem  was  pointed  out  to  personnel  of  Stockholm  Energy  Works  and  a 
copy  of  the  best  report  was  provided  to  them, 

6.2.3  One-way  hot  water  transport  - In  coastal  areas  and  along 
rivers  it  is  possible  to  consider  one  way  hot  water  transport  with  dis- 
charge of  the  used  water  into  the  open  water  body,  thus  eliminating  the 
return  pipe  (Figure  6. 2. 3.1).  Discharge  temperatures  are  similar  to 
those  of  a conventional  power  plant. 

This  concept  depends  on  the  efficient  utilization  of  the  hot  water 
to  minimize  the  discharge  temperature.  In  this  connection,  the  Studsvik 
Research  Center  is  developing  radiators  and  convectors  for  building 
heating  systems  that  can  utilize  low  temperature  hot  water  in  the  range 
of  60  to  40°C  (l4o  to  104°F) . Such  low  temperature  hot  water  would  be 
distributed  separately  from  the  regular  hot  water  and  sold  at  a lower 
energy  price. 

6.2.4  One-way  underwater  pipe  - This  concept  is  also  applicable  to 
coastal  areas.  Hot  water  from  a large  (nuclear)  plant  is  piped  to 

city  distribution  systems  through  a submerged  plastic  pipe . Such  pipes 
are  already  in  use  for  wastewater  discharge  lines.  They  are  fabricated 
on  site,  floated  into  position  and  sunk  by  concrete  weights.  For  large 
transport  distances  intermediate  pumping  stations  can  be  used  to  mini- 
mize the  line  pressures.  Figure.  6. 2.4.1  Illustrates  the  concept. 
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The  water  temperature  must  be  relatively  low  in  such  a system  due 
to  strength  limitations  of  the  plastic  pipe  and  heat  losses  to  the 
surrounding  water.  Water  temperatures  of  not  more  than  95°C  (203°F)  are 
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considered.  The  water  supplies  the  "base  load  for  a district  heating 
system  and  the  temperature  is  sufficiently  high  for  this  purpose.  For 
peak  demand,  temperature  topping  heating  plants  in  the  distribution 
system  provide  the  required  additional  capacity. 

6. 3 Feasibility-  of  long  distance  transmission  - Very  few  long  distance 
transmission  systems  have  been  installed  to  date.  Most  of  the  engi- 
neering work  so  far  has  been  concerned  with  planning  and  development. 
Therefore,  only  little  information  is  available  on  costs  and  economic 
feasibility.  The  following  information  was  obtained  in  Sweden. 

The  cost  of  the  planned  hot  water  transmission  line  from  the  pro- 
posed Haninge  nuclear  heat  and  power  plant  to  the  distribution  network 
in  greater  Stockholm  is  expected  to  be  $5000  per  meter  for  four  pipes 
1600  mm  (63  in.)  in  diameter.  The  cost  of  the  tunnel  is  additional. 

The  cost  of  the  transmission  line  from  the  Barseb&ck  nuclear  plant 
to  the  cities  of  Malmoe  and  Lund  is  estimated  to  be  $55  million  for  an 
open  trench  configuration.  This  line  consists  of  13  km  (8.1  miles)  of 
1200  mm  (UT  in.)  diameter  supply  and  return  pipes,  13  km  (-.0.1  miles)  of 
1000  mm  (39  in.)  pipes  and  4 kra  (2.5  miles)  of  500  mm  (20  in.)  pipes. 

The  cost  of  the  individual  lengths  is  not  given  but  an  estimate  can  be 
made.  The  whole  pipeline  consists  mainly  of  two  equal  length  sections 
of  1200  nm  and  1000  mm  pipes  and  their*  cost  is  about  $2000  per  meter  for 
2 pipes-  This  is  close  to  the  general  reference  figures  of  $1000  per 
meter  for  1000  mm  pipe,  given  by  Mr.  P.  Margen,  Chief  Engineer,  at  the 
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Studsvik  Research  Center.  At  Scudsvik,  the  economic  feasibility  of  long 
distance  heat  transmission  with  hot  water  has  been  analyzed  for  various 
conditions.  Figure  6.3.1  shows  the  estimated  cost  of  heat  produced  at  a 
nuclear  heat  and  power  plant  as  a function  of  transport  distance.  The 
cost  of  locally  generated  heat  from  oil  is  given  for  reference.  The 
2000-MW  line  is  feasible  over  a greater  distance  than  the  200-MW  line, 
as  might  be  expected.  In  each  case,  the  higher  costs  are  associated 
with  the  pipe  in  buried  culvert  system  and  lower  costs  with  the  open 
trench  system.  For  shorter  distances  a lower  supply  temperature  is 
feasible  for  direct  feeding  into  the  distribution  system.  For  greater 
distances  a higher  supply  temperature  is  economical  and  a heat  exchanger 
is  used  to  connect  to  the  distribution  system.  The  heat  exchanger 
serves  the  corresponding  function  of  a transformer  in  an  electrical 
transmission  system. 

In  Figure  6.3.2  the  economic  feasibility  of  some  advanced  concepts 
is  illustrated.  The  heat  transmission  costs  with  buried  glass  fiber 
reinforced  plastic  pipes  or  plastic  lined  prestressed  concrete  pipes  are 
shown  to  be  lower  than  with  conventional  steel  pipes.  For  shorter  dis- 
tances a two-way  pipe  is  feasible  (supply  and  return) , for  greater 
distances  a one-way  pipe  carrying  sea  water  and  connecting  to  a heat 
exchanger  is  feasible.  The  analysis  is  based  on  a transmission  capacity 
of  200  MW  and  an  annual  utilization  of  5300  hours  (7-1 A months) . 

The  supply  temperature  for  long  distance  heat  transmission  is 
increased  for  greater  distances.  It  is  found  that  this  is  economical 
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because  it  reduces  the  pipe  size  for  a given  transmission  capacity,  even 
though  it  increases  the  cost  of  the  delivered  heat.  The  highest  water 
supply  temperatures  used  in.  Europe  are  l80°C  (356°F).  Figure  6.3.3 
illustrates  these  relationships. 

The  conclusion  from  this  information  is  that  long  distance  heat 
transmission  from  remotely  located  nuclear  heat  and  power  plants  to  urban 
district  heating  systems  is  feasible  for  distances  of  100  tan  (62  miles) 
and  beyond  at  current  oil  prices.  With  rising  oil  prices,  as  expected 
in  the  future,  such  long  distance  transmission  becomes  an  increasingly 
important  planning  consideration.  The  currently  available  technology  is 
suitable  and  improved  designs  will  probably  make  it  even  more  attractive 
in  the  future. 


Figure  6.1. 1.1:  Typical  conventional  pipe  in  culvert  heat 

transmission  system.  The  culvert  has  drain 
pipes  on  the  outside  at  its  base  for  ground 
water  control. 
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Three  alternatives  for  the  proposed  long 
distance  heat  transmission  line  from  the 
Barseback  nuclear  plant  to  the  cities  of 
Malmoe  and  Lund. 
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SKETCH  SHOWING  FUTURE  DISTRICT 
HEATING  AND  ELECTRICITY  SUPPLIES 
FOR  GREATER  STOCKHOLM 

(^Terminal-District  heating  demand  1990 

rj:  Nuclear  combined  power  and 
heating  plant 

— Heat  transmission  pipes 
^Electrical  power  lines  for  400  (A/ 
©Housing  and  industrial/commercial 
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Figure  6. 1.2. 2:  Planned  inter-municipal  distribution  network 

for  heat  and  electricity  in  greater  Stockholm 


Well  drained  fill 
Thermal  insulation 
Non  corrosive  pipe1 


* e.g.  glassfibre 
reinforced  plastic  or 
prestressed  betong 


Figure  6. 2.1.1: 


Directly  buried  large  hot  water  transport 
pipe  concept.  The  fill  material  is  covered 
with  a rain  shield  (not  shown)  to  prevent 
wetting. 

Problem  areas: 

a.  Rubber  ring  seal  quality. 

b.  Forces  at  bends  and  valves. 

c.  Internal  protection  of  the  pipe 
surface,  if  concrete. 

d.  Thermal  stress  in  the  pipe. 
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Figure  6.3.1:  Cost  of  heat  production  in  a nuclear  heat  and  power 

plant  and  long  distance  transport  with  conventional 
technology  (5300  h/year  base  heat  load) 


(Note:  1 US  <?/kWh  = 4 ore/kWh,  about) 
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Figure  6. '3. 2:  Cost  of  heat  production  and  transport  with  new 

technology  under  development 

(Note:  1 US  c/kWh  = 4 ore/kWh,  about) 
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Cost  of  heat  delivered  to  local  system  . 


optimum  delivery  temperatures  for  regional  transport  pipes 
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